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ABSTRACT

Public water supplies are utilized extensively by industries for processing, cooling, and steam gen-
eration. The requirements as to quality of water for each industry are specific, therefore information
on the quality or chemical character of the water supply is essential not only in the location of industri-~
al plants but also is an aid in the manufacture and distribution of products.

Data are given inthis report on the water supplies for 1, 315 of the larger cities (or places) through-
out the United States. The population of these cities represents 58.3 percent of the total population
(1950 census), and more than 90 percent of the total urban population, of the United States. Part 1 of
the report contains data for 819 cities east of the Mississippi River, and part 2 includes data for 416
cities west of the river. All cities of 15,000 or more population and many cities of smaller population
are included.

The information givenfor each place includes, in most instances, population of the place; ownership,
source, and treatment of supply; storage facilities for both raw and finished water; and chemical analy-
3es of the supplies.

The chemical quality of a water affects its industrial utility. A total of 2, 506 chemical analyses of
the supplies for the places included are shown. Surface-water supplies, generally, are more variable
in composition than ground-water supplies, but contain less mineral matter in solution. Many of the
treated public supplies require further treatment to make them satisfactory for some industrial uses.
Of the total of 1,315 places included in the report, 711 receive surface-water supplies; 472 receive
ground-water supplies, and 132 receive mixed supplies. Thé population served by these supplies is
about 88,000,000, of which about 71,000,000 receive surface-water supplies and 17,000, 000 ground-
water supplies. .

Harduess of water supplies with respect to industrial use is given much attention. The hardness of
the large public supplies rangesfrom less than 5 parts per million to about 700 parts. About 52, 000, 000
people are furnished with water having hardness of 100 parts per million or less.

The weighted average hardness (average hardness of supplies weighted according to the population
served) of finished water of surface supplies is 82 parts per million; of ground supplies, 162 parts; and
of all supplies, 97 parts. The weighted average hardnesses of raw water of surface, ground, and all
supplies are 96,200, and 116 parts per million, respectively.

The average hardness (based on the average hardness of each supply and the number of supplies) of
finished water of surface supplies is 85 parts per million; of ground supplies, 164 parts; and of all sup-
plies, 121 parts. The average hardnesses of the raw water supplies are 94, 192 and 139 parts per mil-
lion, respectively.

The median hardness of finished water of all supplies is 81 parts per million, and of the raw water
supplies, 90 parts.

The treatment of a public water supply is planned principally to give a water that is bacterially safe
for public use, and to eliminate or minimize certain undesirable characteristics of the water.” Of the
supplies for the places in this report, a total of 117 (3 surface supplies and 114 ground supplies) receive
notreatment; 393 supplies receive no treatment other than chlorination; and the remainder receive treat-
ment in addition to chlorination. The supplies for 171 cities are softened. Rapid sand filter plants are
in use for 533 cities, exclusive of those in use at places where the water is softened. Slow sand-filter
plants are in use at 35 places. A population of about 40,000, 000 is served with water from these filter
plants. :

The total number of treatment plants, exclusive of facilities for chlorination, for most of the places
in this report is 660. The total capacity of these plants in millions of gallons per day is 10, 694.

A total of 693 places report raw-water storage facilities having a total capacity of 2, 460, 346 millions
of gallons; a total of 1,081 places report finished-water storage facilities having a total capacity of
24, 557 millions of gallons.

Investigations by others have shown that a definite relationship exists between fluoride in drinking
water and the incidence of dental caries in the teeth of children. A total of about 85 percent of the pop-
alation served from the large public supplies receive water having a fluoride concentration in the range
of 0.0 to 0. 5 part per million. Few large public supplies contain fluoride in ¢ trations in of
3 parts per million. A total of 155 places of those included in the report received fluoridated water in
1952,

1



2 INDUSTRIAL UTILITY OF PUBLIC WATER SUPPLIES, 1952

INTRODUCTION

The most valuable of all our natural resources, except for the land itself, is
water. Generally taken for granted and considered practically inexhaustible dur-
ing the 19th century, water is today one of the most actively managed of all our
natural resources. Large sums of money are spent each year for surveys, reg-
lamation, conservation, power development, and flood control.

Water is different from most minerals inthat it isfluid and active. Moreover,
its chemical character is ever changing, not only because of natural processes in
its tripfrom clouds to seas but also because of the myriad activities of man. Wa-
ter supply is a complex problem, and it is of extreme importance to communities,
agriculture, industries, and commerce. Without water these things could not ex-
ist; nor could life itself.

An adequate water supply of either ground water or surface water, or both, is
often a prime requisite in the selection of sites for industrial plants. It is esti-
mated that American industry in 1950 used 75 billion gallons of water per day from
private sources and about 6 billion gallons per day from public water supplies.
Furthermore, industries require a process water of specific characteristics or
standards of quality. For example, process water used in.the manufacture of tex-
tiles must be practically free of suspended matter, iron, and color and must be very
low in dissolved minerals, especially calcium and magnesium. Specific require-
ments of quality for process water in certain industries are so exacting that exten-
sive treatment for many natural waters isusually necessary to make them suitable
for use. Therefore, an important factor inthe selection of sites for industries, in
addition to an adequate supply of water, is the specific quality of the supply.

Information as to the chemical character of the water is essential not only in
the location of many industrial plants but also to the distribution of the products
manufactured. The manufacturer of water-softening equipment would not expect
tofind a ready market for his product in an area where the water supplies are soft.
The need for materials and appliances for control of corrosion in water pipes, and
the selection of boiler-plant and water-softening equipment will be influenced by
the chemical character of the water.

Many of the water-supply papers of the U. S. Geolgical Survey and reports
made in cooperation with State agencies contain considerable information relating
to the chemical quality of water in the United States. See page 46 for the partial
list. Among these are the annual "'quality of surface water" reports beginning in
October 1941, which give the results of comprehensive investigations in different
areas of the country for the year named. Other reports give the results of com-
prehensive investigations within a State, among which are those dealing with the
public water supplies; still others give information on the geology and the occur-
rence and availability of ground-water supplies with brief discussions of the chem-
ical character of the water encountered in the area of investigation.

Reports showing the chemical character of the public water supplies of the
larger cities of the United States were published in 1923 and 1934. The last pub-
lished report, Geological Survey Water-Supply Paper 658, contains data for 670
of the larger cities, representing 46 percent of the total population of the United
States. It has filled an important need in the field of water-supply engineering.
The insistent demand for more current information and a more extended coverage
has led to the present report. Descriptive and analytical data for about 75 percent
of all the places that are included in the two volumes of this report have been pub-
lished in a recent series of nine Geological Survey circulars, each circular cover-
ing a prescribed section of the country. The present report gives data for 1,315
places, representing 58. 3 percent of the total population of the United States. It
includes data for all places of 15,000 or more population, 80 percent or more of
the total urban population of each State, and at least 10 places for each State ex-
cept Delaware. Many places of less than 15,000 population are included in order
that either 80 percent of the total urban population of the State or 10 places for each
State might be represented. It was felt that the use of the above criteria for the
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selection of the places to be included in the report would give adequate represen-
tation for each State.

Part 1 of the report includes data for 819 places in the 26 States and the Dis-
trict of Columbia east of the Mississippi River; part 2, for 496 places in the 22
States west of the Mississippi. The text material and illustrations and the form
of the tables are identical in both parts of the report and apply to the country as a
whole. The statements made in regard tothe supplies asa whole and to other sub-
jects are generally applicable in each part of the report.

An important part of this report is the descriptive and analytical data pertain-
ing to the water supplies of the individual places. Although not as complete and
representative as desired in some instances, these data are intended to show con-
ditions as they existed at the time of collection. From the data as presented in-
ferences and conclusions canbe drawn asto the general character of the water and
its general usability for many industrial purposes. In the use of the data, it must
be borne in mind that many supplies from surface sources are quite variable in
composition; that ground-water supplies are more uniform in compositionthan sur-
face supplies; and that most of the analytical data relate to the treated or finished
water as served to the consumers, although much information is given as to the
character of the raw-water supplies.

The generaldiscussion of hardness and the illustrations and tables with refer-
ence to the distribution and use of water of different hardness are of considerable
value or importance inthe report, since hardness is a characteristic of water that
affects both the domestic and industrial use of water. Caution is necessary in the
use of generalized data relative to the hardness of public water supplies, when
location of industrial plants or industrial activities require more specific data as
to the chemical character of the water supplies.

Fluoride occurring naturally in water supplies and the fluoridation of public
water supplies, because of the effects of fluoride on the incidence of dental caries
in the teeth of growing children and not because of the effects onthe industrial use
of the water, are discussed at some length.

Discussions of the various aspects of water supply and treatment are neces-
sarily brief in this report. Fuller and detailed discussions are to be found in pa-
pers and books on the subjects.

ACKNOWLEDGMENTS

State departments of health, city and waterworks officials, private water com-
panies, and commercial laboratories furnished many analyses, water-supply and
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Many of the personnel of the Surface Water Branch and the Ground Water Branch,
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Love, chief, Quality of Water Branch. The efforts of the various members of the
branch who participated in the work were coordinated by £. W. Lohr, chemist,
who also reviewed and compiled all data submitted by the district offices of the
branch, wrote the body of the text, and was mainly responsible for the tables and
illustrations.

The analyses made by the Geological Survey for inclusion in the report were
made in the district laboratories by the Quality of Water Branch in different sec-
tions of the country under the immediate supervision of the district chemists at
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the time. The district offices also collected other data pertaining to the supplies
in the States comprising their districts. The States comprising the different dis-
tricts, the location of the district offices, and the personnel in charge at the time
the work was in progress, are named below.

State

Alabama
Arkansas
Mississippi
Missouri (part)
Tennessee

California

Connecticut
District of Columbia
Florida

Maine
Maryland
Massachusetts
New Hampshire
New Jersey
New York
Rhode Island
Vermont

Colorado (part)
Iowa

Kansas
Minnesota
Missouri (part)
Montana (part)
Nebraska
North Dakota
South Dakota
Wyoming (part)

Arizona
Colorado (part)
New Mexico

Georgia
North Carolina
South Carolina

Illinois
Indiana
Kentucky
Michigan
Ohio

West Virginia
Wisconsin

Kansas (part)
Oklahoma

District or Regional Office

I. S. T. Building, University
of Arkansas,
Fayetteville, Ark.
G. A. Billingsley
J. W. Geurin

Sacramento 21, Calif.

} 2520 Marconi Avenue,
1. W. Walling

General Services Administration Bldg. ,
Washington 25, B. C.
S. K. Love
L W. F. White
E. W. Lohr

510 Rudge Guenzel Bldg.
Lincoln 8, Nebr.
P. C. Benedict
H. A. Swenson

J

P. O. Box 293, University Station,
Albuquerque, N. Mex.
J. D. Hem

P. O. Box 5668,
Raleigh, N. C.
F. H. Pauszek

} 2822 East Main Street,

Columbus, Ohio
W. L. Lamar
P. N. Brown

P. O. Box 4355,
Oklahoma City, Okla.
T. B. Dover
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State District or Regional Office
1302 Custom House,

Delaware Philadelphia, Pa.

Pennsylvania N. H. Beamer

E. F. McCarren

302 West 15th St.,

Louisiana Austin, Tex.
Texas B. Irelan

J. R. Avrett
Colorado (part)
Idaho P. O. Box 2657,
Montana (part) Fort Douglas,
Nevada Salt Lake City,
Oregon Utah
Utah C. S. Howard
Washington R. T. Kiser

Wyoming (part)

P. O. Box 1488,
University Station,
Charlottesville, Va. -
J. G. Connor

Virginia

ANALYSES OF WATER FROM PUBLIC SUPPLIES
SOURCES OF ANALYSES

Most of the analyses in this report were made during its preparation in the
laboratories associated with the District offices of the Quality of Water Branch
of the Geological Survey. Analyses from other sources were freely used as indi-
cated in table 1. The lack of space prohibits giving the names of the individual
analysts, although the names of the laboratories making or furnishing the analyses
are given in the tables of analyses for the individual places.

Table 1. --Distribution of sources of analyses used

Number| Number
Source of of
analyses| places

U. S. Geological Survey laboratories:

This report............... feer et 1,781 1,008
Other TeportS.....coiviiineienricenrecncoans 185 56
State laboratories .......cecevieiiiiiiiiraenan 268 107
Waterworks laboratories ...........c.cc0iveannn 155 109
Commercial laboratories........ccoveeeeeenenn. 117 35
Totals.......... 2, 506 1,315

Many analyses and other data not printed in this report were available. These
analyses and data were valuable aids inthe selection of the analyses and data which
are printed.

COLLECTION OF SAMPLES

Many samples for analysis were collected by the personnel of the Quality of
Water Branch and other members of the Water Resources Division of the Geolog-
ical Survey. Other samples were collected in containers furnished by the Geolog-
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ical Survey by waterworks, city, and health-department officials. At many places
samples were collected of bothraw- andfinished-water supplies especially at those
places where the treatment of the raw water was extensive or where the water was
softened. Many samples of finished water were collected at the treatment plants
of the individual cities; other samples were collected from city taps of the distri-
bution systems. The samples collected are considered to be representative of the
supplies at the time of collection.

APPLICABILITY OF ANALYSES

The analyses made by the Geological Survey used in this report were made by
methods developed by the Quality of Water Branch or adapted from methods in
general use for the mineral analysis of water. (Am. Pub. Health Assoc., 1946;
Am. Soc. for Testing Materials, 1947). The analyses made by other laboratories
were carefully examined for possible errors in order that the information given
might be reliable. The reporting of these analyses has been made to conform to
the Geological Survey method of reporting the results of water analysis and any
difference inthe analyses as published andoriginally submitted is because of this.
Many waterworks laboratories make daily determinations of alkalinity, pH, and
hardness which give some indications as to the extremes in chemical composition
of the supplies. These data are given inthe tables of analyses whenever they were
avaiable. Every effort has been made to give reliable information asto the chem-
ical character of the water supplies at the time the analyses were made and
throughout the year.

Single analyses of supplies from lakes and large reservoirs represent fairly
well the chemical character of the water throughout the year, but for many sup-
plies taken directly from streams or from small impounding reservoirs a single
analysis will not represent the character of the waterfor the year. It may so hap-
penthat the single analysis will represent about the average character of the water
for the year. Many streams are very variable in character not only with the sea-
sons but with rapid changes in stage. Obviously a single analysis of such streams
will not show the extremes in chemical composition of the water, and many analy-
ses of daily samples or frequent samples are necessaryto show the composition of
the water throughout the year,

Some waterworks laboratories make complete analyses of composites of daily
samples. Where available, averages of these analyses are given in the table of
analyses. Averages of analyses of 10-day composites of daily samples for a peri-
od of a year are shown for a number of supplies. Analyses of composites of daily
samples with the maximum and minimum content of dissolved solids are shown in
a few instances. The single analyses and other analyses taken together with the
analytical data furnished by the waterworks laboratories give reliable information
as to the chemical character of many surface-water and treated-water supplies.

For many places that have several sources of supply, analyses are usually
given representative of the several sources or of the combined sources. It is ob-
vious that if different sections of a city are served by different sources, an anal-
ysis of a sample collected in one section of the city may not represent the charac-
ter of the water, served in the other section or the entire city. Statements in the
descriptive data for the supplies of these places are made to show the percent of
supply from each source. In many instances it was not possible to give analyses
of each of the sources of supply.

Ground water, in general, is much more uniform in composition than surface
water. A single analysis may suffice to show the general character of the water
throughout the year not only for a single source but also for multiple sources fur-
nishing water of similar composition. However, many places obtain public sup-
plies from several wells or groups of wells in several well fields that differ con-
siderably in chemical composition. Sometimes water from these various sources
is pumped directly into the distribution system in different sections of the city,
Sometimes groups of wells or individual wells are pumped at different times. For
most such supplies analyses are selected to show the character of the water of the
entire supply, or the several sources of supply, or the range or differences in
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composition of the water from the individual wells or several groups of wells. It
is obviously necessary to consider the descriptions of the sources of supply, the
percent of supply obtained from each source, and the analyses of the supplies in
order to evaluate or plan in connection with the use of the data of such ground-
water supplies.

EXPRESSION OF RESULTS

The dissolved mineral constituents are reported in parts per million. A part
per million is a unit of weight of a constituent in a million unit weights of water.
Equivalents per million, though not given in this report, are sometimes preferred
to the expression of results in parts per million. An equivalent per million is a
unit chemical combining weight of a constituent in a million unit weights of water.
Equivalents per millionfor any constituent are obtained by dividing the concentra-
tion of the constituent in parts per million by the chemical combining weight of the
constituent. For convenience in making this conversion the reciprocals of chem-
ical combining weights of the most commonly reported constituents are given inthe
following table:

Constituent Factor Constituent Factor
Iron (F+++)............ 0.0537 Carbonate (CO;™7)....... 0.3333
Manganese (Mn++)...... . 0364 Bicarbonate (HCO;7)..... . 0164
Calcium (Cat+) ........ . 0499 Sulfate (SO,”7) .......... . 0208
Magnesium (Mg++) ..... . 0822 Chloride (C17) .......... . 0282
Sodium (Nat) ........ .. .0435 Fluoride (F7) ........... .0526
Potassium (K+) ....... . .0256 Nitrate (NO,™) ..... ve... 0161

Results in parts per million can be converted to grains per United States gal-
lon by dividing by 17. 12

A calculated quantity of sodium and potassium as sodium, given in some anal-
yses, is the quantity of sodium needed in addition tothe calcium and magnesium to
balance the anions.

Total hardness as used in this report means, in most instances, the hardness
expressed as calcium carbonate caused by calcium and magnesium in the water;
it is obtained by calculation from the results of determination of these two con-
stituents by either gravimetric or volumetric methods. In a few instances, other
substances such as aluminum, iron, manganese, strontium, and free acid, which
also cause hardness, have been included in the calculations. Many determinations
of hardness made at waterworks treatment plants are made with soap solutions,
and such results for total hardness tend to be lower generally and less accurate
than those obtained by calculation. The volumetric test for hardness using eth-
ylenediamine tetraacetic acid is much more reliable and is rapidly replacing the
soap test (Connors, 1950). Hardness isfurther discussed onpages 12, 13-28.

Color is expressed in units of the platinum cobalt scale proposed by Hazen
(1892, p. 427-428).

Hydrogen-ion concentration is expressed on the pH scale.

Specific-conductance values are expressed as micromhos per centimeter at
25°C. In many reports conductance is designated by the letter "K', and values
expressed as above may be written KX 10° at 25°C. A micromho is a millionth
of a reciprocal ohm.

Turbidity is expressed as units of turbidity onthe silica scale (U. S. Geological
Survey, 1902).

Alkalinity as reported in the tables of determinations made at treatment plants
is expressed as calcium carbonate. Acidity, in some instances, is shown in these
tables as a minus alkalinity.
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COMPOSITION OF NATURAL WATERS

All natural waters contain dissolved mineral matter. Water in contact with
soils and rocks evenfor only afew hours will dissolve some mineral matter. The
quantity of mineral matter dissolved by a natural water depends primarily on the
type of rocks and soils with which the water comes in contact and the length of the
contact. Some streams are fed by both surface runoff and ground water from
springs and seeps. Such streams reflect the chemical character of the more con-
centrated ground water during dry periods and are more dilute during periods of
heavy surface runoff. Ground water usually contains more dissolved mineral mat-
ter than surface runoff for it remains in contact with soils and rocks for longer
periods of time. The concentration of dissolved solids in a river water may be
increased by drainage from mines and oil fields, by discharge of industrial and
municipal wastes into the streams, and in irrigated.areas by return drain waters.

The mineral constituents and physical properties of the raw and treated sup-
plies inthe tables of analyses are those that affect the value of the water for most
purposes. The analyses generally include results for silica, iron, manganese,
calcium, magnesium, sodium, potassium (or sodium and potassiumtogether as so-
dium), carbonate, bicarbonate, sulfate, chloride, fluoride, nitrate, dissolved sol-
ids, and hardness. Results for color, pH, specific conductance, turbidity, and
temperature are reported in many others. The source and significance of the con-
stituents and properties of water supplies are discussed in the following paragraphs.

MINERAL CONSTITUENTS IN SOLUTION

Silica (8i0,). --The element silicon is not found free in nature but it occurs as
silica in Sand, in quartz, andas silicates infeldspar, kaolinite,and other minerals.
Silica is dissolved from practically all rocks. Its state in solution in natural wa-
ter is not definitely known, but it is assumed to be colloidal, and it does not enter
into the ionic balance between the acids and bases of a water analysis.

Many natural surface waters, especially lakes, contain less than 5 parts per
million and few contain more than 30 parts per million. Well waters gererally
contain more silica than surface waters, but comparatively few contain more than
50 parts per million.

Silica affects the industrialuse of water because it contributesto the formation
of boiler scale, or it may help to cement other scale-forming substances into a
hard scale; it is usually removed from feed water for high-pressure boilers. Sil-
ica also forms troublesome deposits on the blades of steam turbines.

The silica inthe treated water of a public supply is usuallyless than in the raw
water if in the treatment process coagulation and filtration are employed. The
use of activated silica as a coagulant, either alone or in conjunction with alum,
will not increase the silica content of the treated water.

Aluminum (Al), -- Although aluminum is relatively abundant in many rocks and
ores some of which are readily soluble, aluminum is present only in negligible
quantities in most natural watersfor it precipitates fromthe waters. Acid waters
and water that has been in contact with certain types of rocks or ores may contain
considerable quantities of aluminum. Aluminum contributes to hardness in water
and may be deposited as scale in boilers. It is not reported in the tables of anal-
yses. In a few samples the aluminum content is inuicated by footnotes.

Iron (Fe). --Iron is dissolved from practically all rocks, and practically all
natural water supplies containironin solution. Surface waters, unless acid, rarely
contain more than several tenths of a part per million. Acid waters may carry
relatively large quantities. Iron in water upon being exposed to air is readily ox-
idized to ferric hydroxide which will readily settle out of a surface supply unless
acid; therefore surface waters generally carry relatively small quantities of iron.

Many ground waters may carry several parts per million of iron. Such waters
on exposure to air become turbid with ferric hydroxide as a result of the oxidation
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of the iron. The ferric iron will settle out and the water will eventually clear up
if it is quiescent. Iron in solution will cause reddish-brown stains on white enam-
elware, porcelain fixtures, and fabrics washed in these ground waters, which are
objectionable also for other domestic and industrial uses,

Many natural waters may be corrosive to the supply system, dissolving suffi-
cient quantities of iron from the pipes to be objectionable in the use of the water
for many purposes. Much of the iron in natural waters is removed by the treat-
ment as practiced at the modern water-~purification plants, but sometimes such
treatment will leave the waters corrosive so that they will dissolve objectionable
quantities of iron from pipes in the supply system or household installations.

Manganese (Mn). --Manganese is found in many natural waters, sometimes in
appreciable quantities. Water impounded in large reservoirs may contain manga-
nese that has been dissolved from the mud on the bottom of the reservoir. Some
ground waters may.contain very objectionable quantities of manganese. Waters
that contain appreciable quantities of manganese usually contain also objectionable
quantities of iron. Manganese is especially objectionable in water used in launder-
ing and textile manufacturing, for it causes dark-brown stains on the fabrics. It
will also stain porcelain fixtures. Water supplies containing objectionable quan-
tities of manganese require special treatment for its removal.

Calcium (Ca) and magnesium (Mg). --Calcium and magnesium are dissolved
from many rocks but more particularly from limestone, dolomite, and gypsum.
Limestone, which is primarily calcium carbonate, and dolomite and dolomitic
limestone made up of both calcium and magnesium carbonates are readily soluble
in water containing carbon dioxide. Caves and solutions channels in these rocks
are the result of this action of water, Comparatively large quantities "of calcium
are also dissolved from gypsum (calcium sulfate). Calcium isfrequently the prin-
cipal basic constituent in waters that contain relatively small quantities of dis-
solved solids and are soft waters. Calcium and magnesium are the most univer-
sally characteristic constituents of natural waters.

Calcium and magnesium cause hardness in water and contribute to the forma-
tion of boiler scale and deposits in hot-water heaters and pipes and in water sys-
tems. The calcium and magnesium content and hardness of waters used for public
supplies greatly affect the industrial value of the waters.

Sodium (Na) and potassium (K), ~--The veryactive metals sodium and potassium
are not found iree in nafure, but their compounds are relatively abundant in the
earth's crust and are highly soluble in water. Sodium and potassium are found in
all natural waters. Naturalwaters thatcontain only 3 or 4 parts of the two together
are likely to contain about equal quantities of each. As the total quantity of these
constituents increases the proportion of sodium becomes much greater. Waters
carrying from 40 to 50 parts per million of the two 'may carry one-fourth or one-
tenth of the quantity as potassium; waters containing more sodium may even have
a smaller proportion of potassium.

Some well waters that carry moderate quantities of dissolved material in pas-
sage through the earth may undergobase exchange and change from hard waters to
soft waters. These waters may contain several hundred parts per million of so-
dium bicarbonate. Waters in arid and semiarid regions are likely to carry con-
siderable quantities of sodium salts, usually sulfate and chloride. Streams that
receive drainage from irrigated lands may carry several thousands parts per mil-
lion of sodium sulfate. The quantity of sodium and potassium found in the water of
most public supplies has comparatively little effect on the industrial use of the
water.

Carbonate (CO,) and bicarbonate (HCOQ,). --Carbonate as such is present in rel-
atively few natural waters. Some waters that have been treated with lime contain
carbonate or even hydroxide. Free carbon dioxide in rain water increased by a
larger amount from decaying organic matter in percolating water, in lakes, and
in streams in contact with carbonate rocks or calcareous material is converted in-
to bicarbonate. Bicarbonate is the chief anion in a great many natural waters and
in most of the waters used for public supplies. Waters that have been in contact
with granitic rocks and rocks of similar characteristics usually contain less than
50 parts per million of bicarbonate and frequently less than 25 parts, whereas those
that have been in contact with carbonate rocks may contain as much as 500 parts.
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Carbonate and bicarbonate are often reported as alkalinity which is expressed as
calcium carbonate. One part of alkalinity as calcium carbonate corresponds to
1. 22 parts of bicarbonate.

Sulfate (SO,}. --Sulfate is present in most natural waters, although in many it
may bearelatively small quantity. Sulfate may be dissolved in relatively large
quantities from beds of gypsum and shale. Some surface watersreceivingacid
mine drainage may contain considerable quantities of sulfate some of which may
be the result of oxidation of the sulfides of iron. Water in arid or semiarid re-
gions may contain relatively large quantities of sodium sulfate.

Sulfate in waters that contain much calcium and magnesium contributes to the
formation of hard scale in steam boilers andaffects the use of waters in other in-
dustrial processes. Aluminum sulfate as a coagulant in the treatment of public
supplies increasesthe sulfate content anddecreases the bicarbonate content of the
water.

Chloride (Cl). ~-Chloride is found in practically all natural waters, although
many surface waters contain only a few parts per million. Streams in arid or
semiarid regions may contain several hundred parts per million of chloride espe-
cially if they drain areas where chlorides occur in natural deposits or have been
concentrated in soils through evaporation processes. Sewage increases the chlo-
ride content of river waters. Drainage from oil wells or other deepwells, salt
springs, and industrial wastes may add large quantities of chloride to stream wa-
ters. Most public supplies from surface sources contain less than 25 parts per
million of chloride. Ground waters usually contain larger quantities than surface
waters and some public-supply wells may contain as much as 100 parts per mil-
lion. The larger quantities of chloride may affect the industrial use of the water.

Fluoride (F). --Fluoride occurs in nature in fluorspar, cryolite, and in both
sedimentary and igneous rocks. In most natural surface waters it is present only
in very small concentrations; in ground waters it is present in larger concentra-
tions, in some waters as much as several parts per million. Fluoride in water
supplies in relation to the dental defect known as mottled enamel and fluoridation
and natural fluorides in relation to the prevention of dental caries is discussed on
page 39 . The fluoride content of public water supplies may be of little impor-
tance as far as the industrial use of the water is concerned.

Nitrate (NO,). --Nitrate is considered the final oxidation product of nitrogenous
matter and its presence in water supplies of more than several parts per million
may indicate previous contamination by sewage or other organic matter. The ef-
fect of nitrate present in most public water supplies on the industrial use of the
water is practically negligible. Studies indicate that nitrate in excess of about 44
parts per million in drinking water may be a contributing factor or the cause of a
condition in infants known as methemoglobinemia ('blue babies™). (Waring, 1949).

Dissolved solids, --The results reportedas dissolved solids represent approx-
imately the total quantity of dissolved mineral matter in each water analyzed.
(Howard, 1933, p. 4-6). The quantity of dissolved solids in most instances was
determined by evaporating a given volume of water, drying the residue at some
definite temperature (180°C, by U. S. Geol. Survey), and weighing the dried res-
idue. In some instances the quantity reported was obtained by a summation.of the
individual constituents shown in the analysis, bicarbonate being included as car-
bonate. This summation of constituentsfor dissolved solids is indicated by a foot-
note in the tables of analyses. Relatively few supplies of places in this report con-
tain more -than 500 parts per million of dissolved solids and many of them have
less than 100 parts. Ground-water supplies usually contain more dissolved mate~
rial than surface water supplies. Partof the materialreportedas dissolved solids
in colored waters is organic matter, which is not shown in the analyses.

PROPERTIES AND CHARACTERISTICS OF WATER

Color, --Color, in water analysis, refers to the appearance of water that is
free of suspended material. Many turbid waters that appear yellow, red, or brown
have little color after the suspended material is removed. Color in natural waters
is almost entirely the result of extraction of coloring matter from decaying roots,




COMPOSITION OF NATURAL WATERS 11

stems, leaves, and other organic materials in the water andin the ground., Swamp
waters may have as much as 200 or 300 units of color. Industrial wastes may add
color to water. Color in most public supplies is rather negligible. A color of less
than 10 units usually passes unnoticed. Some impounded supplies if not filtered
may have appreciable color. Color is objectionable in the use of the water for
some industrial purposes.

Hydrogen-ion concentration. --Hydrogen-ion concentration in an aqueous solu-
tion or in water on the pH scale is represented by a number which is the negative
logarithm of the hydrogen-ion concentration in moles per liter of solution. The
pH range is from 0 to 14. A solution with a pH of 7 is said to be neutral. Pro-
gressive values of pH below 7 denote increasing acidity, and progressive values
above 7denote increasing alkalinity. The pH values are logarithmic, for example,
a water with a pH of 6 has 10 times the concentration of hydrogen ions as one with
a pH of 7.

pThere is a definite relationship between pH and acidity although acidity should
not be confused with pH, for a water with a pH value of 6.0 may have a low total
acidity whereas another highly buffered water having a pH of 7 may have a high
total acidity. Acidity is the results of the effects of a combination of substances
and conditions in water, and may be defined as the power of the water to neutral-
ize hydroxyl ions. Acidity is usually caused by the presence of free carbon diox-
ide, mineral acids, and salts of strong acids and weak bases.

" A definite relationship aiso exists in waters between pI¥ and alkalinity (carbon-
ate, bicarbonate, and hydroxide). (Langelier, 1946.) Alkalinity in a water may
be defined as its power to neutralize hydrogen ions. Alkalinity is caused by the
presence of carbonates, bicarbonates, hydroxides and, to a lesser degree, by sil-
icates, phosphates, borates, and organic substances. Although pH values and
alkalinity are interrelated,high alkalinity may not be necessarily associated with high
pH values; for example, a relative dilute water with a pH of 7 may have a low total
alkalinity, whereas, a buffered water with a pH of 6.0 may have a high total alka-
linity. The combined effects of the several substances and conditions in the water
affect the relationship between alkalinity and pH values.

The pH value of most natural water ranges between 6 and 8, Waters containing
free mineral acids have pH values below 4. 5. Some ground waters have pH values
above 8, some below 6. On account of the relation between the pH of water and its
corrosive properties, many water-treatment plants make final adjustment of the
pHof the supplies to prevent or minimize corrosion in the distribution system and
household installations. The pH values of public supplies have a very considerable
and definite bearing on the utility of the supplies for many industrial purposes.

Specific conductance (K X 106 at 25°C). --The specific conductance of a water
is a measure of its capacityto conductan electric current. The conductance varies
withthe concentration and degree of ionization of the different minerals in solution
and with the temperature of the water. It furnishes a rough measure of the min-
eral content of the water but does not give any indication of the relative quantities
of the constituents in solution. It is useful in following the changes in the total
quantity of dissolved minerals in a water through a series of samples.

Turbidity. --Turbidity of water is due to suspended matter such as clay, silt,
finely divided organic matter, microscopic organisms, and any such similar ma-
terial. The terms 'turbidity"” and '"suspended matter" are not synonymous or
equivalent expressions. Turbidity is an expression of an optical approximation of
the suspended matter, based onthe similarity of the interference of the suspended
matter to the passage of light rays through a water sample when compared with
standard samples of recorded turbidity. The standard unit of turbidity is consid-
ered as that produced by one part per million of diatomaceous earth or fuller's
earth (silica) in distilled water.

Practically all public supplies that are filtered are free from noticeable tur-
bidity or suspended matter. A few unfiltered supplies and those that contain e-
nough iron to give an appreciable precipitate on exposure to air may show notice-
able turbidities. Suspended matter in surface-water supplies is usually a much
more variable quantity than dissolved solids and must be taken into consideration
in any utilization of the unfiltered supplies.
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Temperature. --The results for temperature inthetables of analyses are shown
in degrees Fahrenheit and represent the temperature of samples at the time of
collection. In a few instances results for temperature are shown that were ob-
tained at the treatment plants.

Corrosiveness, causes and prevention, --Corrosiveness of a water is that prop-
erty which makes the water aggressive to metal surfaces and frequently results
in "red water' caused by solution of iron, although all red-water troubles may
not be the result of corrosion. As discussed previously, many well waters con-
tain considerable quantities of iron in solution and when these supplies are exposed
tothe air the iron separates out as a precipitate. Some of this precipitate may be
carried along in the mains and pipes in suspension in the water giving red-water
effects. Corrosive waters causes the deterioration of water pipes, steam boilers,
and water-heating equipment. Many waters that do not appreciably attack cold-
water lines may aggressively attack hot-water lines.

The phenomena of corrosion are not thoroughly understood (Speller, 1951),
The active agents in water aside from the solvent action of water itself are acids,
substances which upon hydrolysis or decomposition produce acid reactions, car-
bon dioxide, oxygen, and hydrogen sulfide. The problem of prevention of corro-
sion, therefore, is the problem of controlling these active agents or minimizing
their effects. Books and papers have been written on various aspects of the prob-
lem. (Proc. A. S. T. M., 1940; Betz and Betz, 1953).

The principal methods used in the treatment of municipal water supplies to
prevent corrosion and red-water trouble involve treatment to maintain proper al-
kalinity, pH values and stability inthe treated waters. (Amer. Water Work Assoc.,
1950; Baker, 1948). Effluent from filter plants where alum is used in the treat-
ment, many unfiltered supplies, and some naturally soft supplies, contain free
carbon dioxide and have low pH values, may aggressively corrode metal surfaces
in distribution mains and plumbing installations, producing red-water troubles,
pitting, and tuberculation. To increase the alkalinity and to raise the pH values,
agents such as lime or soda ash are added to the supplies before they enter the
digtribution system. Where the supplies are softened, the alkalinity and residual
hardness can be controlled so that the effluent may be left in a slightly unstable
condition with respect to calcium carbonate, and a light protective coating of cal-
cium carbonate may be deposited in the mains of the distribution system (Langelier,
1936). A stability test may indicate whether a water is corrosive or will form a
protective film (Enslow, 1939).

Deaerators and degasifiersforthe removal of dissolved gases are used to some
_extent in the treatment of boiler feed waters and in private installations (Powell
and Burns, 1936; Powell, Bacon, and Lill, 1946). Aeration removes to some ex-
tent carbon dioxide and hydrogen sulfide, although in the treatment of public water
supplies this process is used more for the purpose of removal of iron and of tastes
and odors than for corrosion control.

Phosphates, metaphosphates, and silicates, classed as anodic inhibitors, are
used to some extent in the treatment of public supplies and in industrial and private
installations for prevention of corrosion. The compounds are effective because
‘not only do they neutralize the agents of corrosion but also, it is thought, they
form protective films on the metal surfaces. Sodium hexametaphosphate has been
found notonly to be effective in stopping corrosion but also to promote removal of
corrosion products from pipelines (Rice, 1947).

Corrosion inside of steel tanks and standpipes may be prevented by a process
known as cathodic protection. Special electrical equipment is required which in
operation reversesthe electrochemical processes setup inthe corrosion of metal,
thereby rendering the metal surface passive (Pallo, 1948).

Hardness. --Hardness of water isthat characteristic or quality shown by water
containing certain substances in solution. Calcium and magnesium are the prin-
cipal constituents causing hardness. Other substances, such as aluminum, iron,
manganese, strontium, zinc, and free acid also cause hardness, but most of these
are not present in water supplies in sufficient quantities to affect appreciably the
hardness.

The terms "carbonate'’ and "'noncarbonate' hardness are roughly equivalent to
or are used in the same sense as the older terms ''temporary'" and "permanent"
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hardness. Carbonate hardness refers to the hardness in equivalence with carbon-
ate and bicarbonate; noncarbonate hardness to the remainder of the hardness. A
water has no noncarbonate hardness if the total hardness does not exceed in chem-
ical equivalence the carbonate and bicarbonate (the alkalinity) present in the water.
Waters of high noncarbonate hardness usually contain large quantities of calcium
and magnesium sulfates, chlorides, or nitrates in solution. The character of scale
formed insteam boilersis affected by the relation of carbonate to noncarbonate
hardness. The selection of the proper methods for softening is based largely on
the type and degree of hardness present in the waters.

Hardness in water in respect toboth domestic and industrial use receives great
attention. In domestic use hardness is recognized by the difficulty in obtaining a
lather without an excessive consumption of soap; the insoluble, sticky curd that
results with the use of soap, and the scale formed in vessels in which the water is
boiled. Industry gives great attention to hardness in water supplies because of its
effects inthe various processes of manufacturing and onthe manufactured product,
and because of the scaledeposited inthe use of hard water in hot-water pipes, hot-
water heaters, and steam boilers, resulting in economic loss through loss of heat
transfer, increased fuel consumption, and breakdown of equipment. Large sums
of money are expended in softening suppliesto make them suitable for both domes-
tic and industrial uses.

HARDNESS OF PUBLIC WATER SUPPLIES

Data relating to the hardness of the water of the larger public supplies of the
United States as shown in the descriptive and analytical data for each place are
summarized in a number of tables and illustrations. Most of these data relate to
the supplies as served to consumers representing water of natural hardness and
water of which the hardness has been changed by treatment including softening.
The data shown relate to only 58.8 percent of the total population of the United
States. The percent of population represented by each of more than half of the
States is much less than the total for the whole country. Furthermore, in several
of the summaries the average hardness of the State is used which does not show
any extremes in the hardness of the supplies within the State, The extremes in
the hardness of the supplies in some States are much greater than in others, al-
though the average hardness for those States may not be any higher than for a State
wherethe ranges inthe hardness are not so great. Furthermore, it must be borne
in mind that the smaller municipalities, which are not represented in the report
and consequently are not in the summaries, obtain their supplies for the most part
from ground-water sources whose supplies generally are harder than surface wa-
ters. Therefore, it is important that the base data of these summaries be kept in
mind when making any conclusions or inferences relative to the distribution of wa-
ter of certain hardness as shown by the hardness of the larger public water sup-
plies of the country.

These summaries of data on hardness are based on the average hardness of a
supply for a year. In some instances only meager analytical data were available
to show the hardness of the supply for a year. In these instances an average for
hardness was selected, based on known factors, such as the sources of the sup-
ply whether from a large or a small stream, or from lakes, reservoirs, wells,
or springs, the time of year the sample or samples for analysis were collected,
and the general knowledge of the hardness of water supplies inthe locale of the sup-
ply in question. The average hardness used for many places with varying hard-
ness was that furnished by the waterworks laboratories. The average hardness of
those places furnished from more than one source where not mixed prior to dis-
tribution was based on the hardness of the supplies and the percent furnished from
each source. Insome instances the total population of a place was divided accord-
ingtothe percent of supply from each source so that the proper tabulation could be
made as to population and hardness. For those places furnished with ground wa-
ter from several sources of supply with different hardness, proper evaluation for
an average hardness was based on the percent of supply from each source and the
hardness of each supply. For a few places furnished with both ground and surface
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water, the population using each had to be estimated in the tabulations where di-
vision was necessary.

RANGES IN HARDNESS

Table 2 shows the number of persons, in thousands using water of different
ranges of hardness from larger public supplies in the United States. It gives no
information as to the distribution of hard water by area or locality. The table is
reasonably accurate as to the use of water in different ranges of hardness by the
consumers indicated, which represent about 90 percent of the total urban popula-
tion of the United States.

Table 2. --Number of persons using water in different ranges of hardness from
public supplies for 1,315 of the larger cities in the United States, 1952.

Populatios (thousands)
Surface Ground Mixed Accumulative
water water supplies Total total

1-10 ....... 1,344 434 109 1,887 1,887
11-20...... 5,673 397 219 6, 289 8,176
21-30...... 11,632 471 252 12,355 20,531
31-40...... 3,680 706 297 4,683 25,214
41-50 ...... 2,482 550 353 3,385 28,599
51-60 ...... 3,709 910 222 4,841 33,440
61-80...... 4,794 647 1,097 6,538 39,978
81-100..... 9,561 1,482 1,067 12,110 52,088
101-120.... 5,524 1,075 602 7,201 59,289
121-140.... 12,266 550 2,863 15,679 74,968
141-160 .... 831 1,253 247 2,331 77,299
161-180 .... 355 312 385 1,052 78,351
181-200.... 358 304 681 1,343 75,694
201-250 .... 977 1,707 125 2,809 82,503
251-300.... 935 1,142 388 2,465 84,968
301-350.... 185 706 176 1,067 86,035
351-400.... 12 848 -- 860 86, 895
401-450.... -- 516 -- 516 87,411
451-500 .... 10 200 -- 210 87,621
501-550 .... -- 26 -- 26 87,647
551-600 .... -- 85 4 89 87,736
601-650.... -- 40 -- 40 87,1776
651-700.... 16 34 -- 50 87,826

The table is not necessarily accurate as to the use of water in different ranges
of hardness by the total population of the United States, because only 58. 3 percent
of the total population is represented and the supplies are treated supplies, many
-of which are softened. The significant things to note about the table are the rel-
ative proportion of numbers of people using water in the lower ranges from sur-
face-water sources and fromground-water sources and how this proportion changes
with respect to the supplies in the upper ranges of hardness. The proportions of
users of surface water and ground water for the total population of the country
probably are very different from the proportions here shown for the users of the
larger public supplies.

The data for hardness summarized in table 2 are further summarized in tables
3 and 4. Table 4 is similar to table 3 with the exception that the mixed supplies
shown intable 3 havebeen separated into surface-water and ground-water supplies
according to the percentage of supply from each source and the average hardness
of each supply. The number of ranges for hardness in these two tables has been
decreased from 23 shown in table 2 to four. It is significant that a large popula-
tion is served with water in the range of hardness from 1 to 60 parts per million,
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and in the ranges of hardness above 120 parts per million, ranges where softening
is profitable andnecessaryfor many domestic and industrial uses. Thesedata are
shown graphically on figure 1.

Table 3. --Number of persons using water in four ranges of hardness from public
supplies, including mixed supplies, for 1,315 of the larger cities in the United

States, 1952

Population (thousands)

Range (i;’p?;‘)r dness Surface water |Ground water |mixed supplies Total
e 28,520 3,468 1,452 33,440
61-120 ............. 19,879 3,204 2,766 25,849
121-180 ............ 13,452 2,115 3,495 19,062
180+ ..ovvvviinnntn 2,493 5,608 1,374 9,475

64,344 14,395 9,087 87,826

Table 4. --Number of persons using water infour ranges of hardness from public
supplies for 1,315 of the larger cities in the United States, 1952

Range in hardness

Population (thousands)

(ppm) Surface water | Ground water Total
T R 29,776 3,987 33,763
61-120........cvvinennn.. 21,727 3,761 25,488
121-180 .......iiiiii, 16,529 2,667 19, 196
180+ .oeiiiviiiiiiis 2,921 6,458 9,379
70,953 16,873 87,826
35
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WEIGHTED AVERAGE HARDNESS

The data for hardness of the larger public water supplies of the United States
are summarized in a different way in table 5. This table shows the weighted av~
erage hardness of both surface-water supplies and ground-water supplies, and
both supplies combined for each State. To calculate the weighted-average hard-
ness for the surface-water supplies of a State, the average hardness of each sur-
face-water supply was multiplied by the population served by that supply; the sum
of the products thus obtained was then divided by the total number of people served
by the surface-water supplies. The weighted-average hardness for the ground-
water supplies was obtained in the same way. Then the weighted average hard-
ness for all supplies for the State was obtained by dividing the total of allthe prod-
ucts by the total population served in the State. Thus the weighted average hard-
ness of all supplies of a State represents the average hardness of each supply
weighted according to the population served by that supply.

The data thus summarized in table 5 gives valuable information as to the dis-
tribution of hard water not so much within each State but for all the States. In
some States the range in hardness of the supplies is not large, whereas in others
the range is considerable. No supply in the State of Connecticut included in the
report had a hardness of more than 60 parts per million. Only one place from
each of the States of Maine, New Hampshire, Oregon, and Rhode Island, had a
hardness of more than 60 parts per million. For a few States the range in hard-
ness for the supplies extended from not less than 80 parts to well over 500 parts.
The range in hardness of the supplies for the places in Texas is from 4 to 700
parts.

The weighted average hardness of the supplies for the States, Illinois, Indiana,
Michigan, Minnesota, New York, Ohio, and Wisconsin, bordering on the Great
Lakes is influenced by the hardness of the supplies taken from these lakes. The
weighted-average hardness for each of these States except New York is decreased
by the weighted average hardness of the supplies taken from the Great Lakes. The
weighted average hardness of the supplies in Illinois, Michigan, and Wisconsin
are influenced more than in the other States, because about 50 percent of the pop-
ulation of Illinois and Michigan and about 30 percent of the population of Wisconsin
arerepresented by the population of the places included inthis report. The weight-
ed average of the supplies not taken from the lakes in these three States is much
higher than the weighted average for the whole State and is probably much nearer
the average of the supplies not included in the report.

The weighted average hardness for New York State is increased by the hard-
ness of the supplies from lakes Erie and Huron, although the weighted average for
the whole State is influenced more by the supply of New York City than all other
supplies in the State combined that are included in the report. No other supplies
inthe whole country influence the weighted-average hardness of the State as much
as the supplies for New York City and Chicago influence the weighted average for
New York and Illinois. Data on the weighted-average hardness for the States
named above are summarized in tables 6 and 7 for both finished and raw water.

-
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Table 5 . --Weighted average hardness of finished water from large public supplies ineach State, 1952

Surface supplies Ground supplies All supplies
Hard- Population served Hard- Population served Hard- Population served
ness Percent ness Percent ness Percent
State as Thou- |of popu-| "~ o Thou- |of popu-| o Thou- {of popu-
CaCo sands (lation of { » o sands {lation of | 0o sands {lation of
(ppm)’ State (ppm)’ State (ppm)’ State
Alabama ........... .. 52 8178 28.17 68 271 8.8 55 1,149 37.5.
Arizona .... 200 167 22.2 225 271 36.2 216 438 58.4
Arkansas .........q.. 36 355 18.6 54 187 9.8 42 - 642 28.4
California ........... 107 7,962 75.2 164 1,945 18.4 118 9,907 93.6
Colorado 107 754 56.9 -- -- -- 107 754 56.9
Connecticut .... 29 1,481 78.7 42 23 1.2 29 1,504 4.9
Delaware 53 128 40.3 81 44 13.7 60 172 54.0
District of Columbia .. 96 803 100 -- - -- 96 803 100
Florida .............. 104 262 9.4 127 1,218 44.0 123 1,480 53.4
24 1,237 35.9 114 294 8.6 41 1,531 44.5
92 84 14.3 135 142 24.2 119 226 38.5
135 | 4,901 56.3 348 549 6.3 156 5,450 62.6
194 1,310 33.3 334 571 14.5 237 1,881 417.8
138 429 16.3 265 592 22.6 212 1,021 38.9
163 423 22.2 190 380 20.0 176 803 42.2
Kentucky ............ 101 916 3.1 108 47 1.6 102 963 32.7
Louisiana ............ 72 871 32.4 57 332 12,4 68 1,203 44.8
Maine .......... .00 20 388 42.4 22 23 2.5 20 411 44.9
Maryland ............ 48 1,677 71.6 27 34 1.4 48 1, 73.0
Massachusetts ....... 20 3,314 70.7 54 330 7.0 23 3,644 7.7
Michigan ............ 100 3,359 52.7 218 510 8.0 115 3,869 60.7
Minnesota ........... 74 1,012 33.9 261 282 9.5 114 1,294 43.4
Mississippi .......... 3 161 7.4 24 36 16.6 39 522 24.0
Missouri ............ 100 2,099 53.0 184 157 4.0 106 2,256 57.0
Montana ............ . 100 205 34.8 226 39 6.6 120 244 41.4
Nebraska ............ 261 264 19.9 232 247 18.7 2417 511 38.6
Nevada ............ . 79 54 33.5 204 42 26.5 135 96 60.0
New Hampshire ...... 16 194 36.3 56 83 15.6 28 277 51.9
New Jersey ...... .. 54 2,886 59.7 135 988 20.4 15 3,874 80.1
New Mexico 3 50 7.4 274 222 32.6 237 272 40.0
New York ....... . 46 | 10,660 1.8 112 1,122 7.6 52| 11,782 79.4
North Carolina ....... 33 1,194 29.4 66 57 1.4 34 1,251 30.8
North Dakota ......... 111 104 16.8 296 49 7.9 170 153 24.7
Ohio .......... veeeee 120 3,952 49.7 284 899 11.3 150 4,851 61.0
Oklahoma ......c00vne 119 174 34.6 163 122 5.5 125 896 40.1
Oregon ....... crresne 14 644 42.3 37 114 7.5 17 758 49.8
Pennsylvania ......... 84 6,387 60.9 128 320 3.0 86 6, 707 63.9
Rhode Island ......... 33 672 84.9 26 42 5.2 32 714 90.1
South Carolina ....... 17 615 29.1 25 125 5.9 18 740 35.0
South Dakota ......... 136 67 10.2 394 114 17.5 299 181 27.7
Tennessee ........... 84 790 24,0 50 543 16.5 70 1,333 40.5
TeXasS ....vvvnunnnn 120 14,9 25.6 143 1,890 24.5 132 3,861 50.1
Utah ........cconneen 1m 194 28.2 212 179 25.9 191 373|. 54.1
Vermont ............. 52 103 27.2 59 21 5.6 53 124 32.8
Virginia ..... 60 1,466 44.2 151 93 2.8 65 1,559 47.0
Washington .......... 22 1,029 43.2 118 308 13.0 44 1,337 56,2
West Virginia ........ n 541 27.0 170 108 5.4 88 649 32.4
Wisconsin ........... 128 1,095 31.9 250 519 15.1 167 1,614 47.0
Wyoming ............ 123 ! 24.3 223 64 22.3 171 135 46.6
United States ...... 82 | 70,953 47.1 162 | 16,873 11.2 97| 87,826 58.3
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‘Table 6. --Weighted average hardness of finished water from large public supplies of States bordering
the Great Lakes, 1952

Surface supplies Ground supplies All supplies
Hard- |Populationserved|gayq- | Population served Hard- |Population served
ness Percent | ness Percent | ness Percent
as Thou- | of popu-| as Thou- fof popu- as Thou- | of popu-
CaCO; | sands |lation of {CaCOs| sands [lation of |CaCO;| sands |lation of
(ppm) State | (ppm) State | (pPm) State
Ilinois:
Supplied from Lake
Michigan ......... 133 4,256 48.9 -- -- -- 133 4,256 48.9
Remainder of State. 143 645 7.4 348 549 6.3 2317 1,194 13.7
Whole State ........ 135| 4,901 56.3 348 549 6.3 156 5,450 62.6
Indiana:
Supplied from Lake
Michigan ......... 136 326 8.3 -- -- - 136 326 8.3
Remainder of State.. 213 984 25.0 334 571 14.5 258 1,555 29.5
Whole State ........ 194| 1,310 33.3 334 571 14.5 237 1,881 47.8
Michigan:
Supplied from Great
Lakes............ 100| 3,158 49.5 -- -- -- 100 3,158 49.5
Remainder of State.. 89 201 3.2 218 510 8.0 182 711 11.2
Whole State ........ 100 3,359 52.7 218 510 8.0 115 3,869 60.7
Minnesota:
Supplied from Lake
Superior. .. .. e 46 107 3.6 -- - -~ 46 107 3.6
Remainder of State. . 17 905 30.3 261 282 9.5 121 1,197 39.8
Whole State ........ 74| 1,012 33.9 261 282 9.5 114 1,294 43.4
New York:
Supplied from Great
Lakes........ e 125 964 6.5 -- -- -- 125 964 6.5
New York City...... 30| 7,800 52.6 143 500 3.4 37 8,300 56.0
Remainder of State. . 70| 1,896 12.7 87 622 4.2 75 2,518 16.9
Whole State ........ 46§ 10,660 71.8 112 1,122 7.6 52| 11,782 79.4
Ohio:
Supplied from Lake
Erie ........ 130 1,901 23.9 -- - - 130 1,901 23.9
Remainder of State.. 111| 2,051 25.8 284 9500 11.3 164 2,950 37.1
Whole State ........ 120 3,952 49.7 284 900 11.3 150 4,851 61.0
Wisconsin:
Supplied from Lake
Michigan ......... 128] 1,006 29.3 -- -- -- 128 1,006 29.3
Remainder of State. . 120 89 2.6 250 519 15.1 231 608 17.7
Whole State ....... . 1281 1,095 31.9 250 519 15.1 167 1,614 47.0

Table 7. ~-Weighted average hardness of raw water from large public supplies of States pordering the

B _ the Great Lakes, 1952 ~ P
Surface supplies Ground supplies All supplies
Hard- |Populationserved| garq-| Populationserved| pgarq- | Population served
ness Percent| ness Percent | -ness Percent
as Thou- | of popu-| as Thou- {of popu-| as Thou- lof popu-
CaCO; | sands |lation off CaCO,| sands {lation of| C2CO,| sands |lation of
(ppm) State | (ppm) State | (ppm) State
‘Hlinois:
Supplied from Lake .
Michigan.......... 131| 4,256 48.9 -- - - 131 4,256 48.9
Remainder of State .. 177 646 7.4 384 549 6.3 272 1,194] 13.7
Whole State......... 137 4,902 56.3 384 549 6.3 162 5,450| 62.6
Indiana:
Supplied from Lake
Michigan.......... 135 326 8.3 -- -- -- 135 326 8.3
Remainder of State. .. 230 984 25.0 354 571 14.5 275 1,555 39.5
Whole State......... 206{ 1,310 33.3 354 571 14.5 251 1,881 47.8
Michigan:
Supplied from Great
Lakes ............ 193] 3,158 49.5 -- - -- 103 3,158/ 49.5
Remainder of State .. 278 201 3.2 314 510 8.0 304 711 11,2
Whole State......... 113| 3,359 52.7 314 510 8.0 140 3,869 60.7




HARDNESS OF PUBLIC WATER SUPPLIES 19

Table 7. --Weighted average hardness of raw water from large public supplies of States bordering the
the Great Lakes, 1952--Continued

Surface supplies Ground supplies All supplies
Hard- |Populationservedf y,,q_ |Population served|yarq- |Populationgerved
ness Percent| ness Percent | eSS Percent
as Thou- |of popu-| 28 Thou- |{of popu-| 38 Thou- |of popu-
CaCOy | sangs [lation of [C3COs | sands |lation of| C3COs| sands |lation of
(ppm) State | (Ppm) State | (epm) State
Minnesota:
Supplied from Lake
Superior .......... 44 107 3.6 - -- -- 44 107 3.6
Remainder of State .. 162 905 30.3 275 282 9.5 188 1,187/ 39.8
Whole State....... .. 150| 1,012 33.9 275 282 9.5 177 1,294| 43.4
New York:
Supplied from Great
Lakes ............ 124 964 6.5 -- - -- 124 964 6.5
New York City ...... 30| 7,800 52.6 143 500 3.4 37 8,300, ©56.0
Remainder of State .. 71| 1,895 12.17 87 622 4.2 75 2,518/ 16.9
Whole State......... 46| 10,659 71.8 112 1,122 7.6 52 11,782} 179.4
Ohio:
Supplied from Lake
Erie.............. 128| 1,901 23.9 - -- -- 128 1,901} 23.9
Remainder of State .. 149| 2,051 25.8 358 899 11.3 213 2,050 37.1
Whole State......... 139 3,952 49.7 358 899 1.3 179 4,851 61.0
Wisconsin:
Supplied from Lake
Michigan.......... 129 1,006 29.3 -- -- -- 129 1,006 29.3
Remainder of State .. 172 89 2.6 253 519 15.1 241 608 17.7
Whole State......... 132| 1,095 31.9 253 519 15.1 171 1,614] 47.0

The weighted average hardness for the supplies of 670 places in the United
States in Water-Supply Paper 658 in 1932 was 102 parts per million; for the sup-
plies in 1,315 places in this report, it is 97 parts. This difference of 5 parts in
the hardness may seem difficult to explain when it is realized that the suppliesof
the more than 600 places included in this report and not included in the report in
1932, are comparatively small places and many obtain their supplies from ground
water which has a much higher average hardness generally than surface waters.
This decrease in the hardness is readily explained by changes in the sources of
supply to water of lower hardness affecting a rather large part of the population,
and by an increase, in practice, of softening of supplies. Some of the places where
changes in the hardness of the supplies have been effected are Little Rock, Flint,
Minneapolis, St. Paul, Kansas City (Mo.), Oklahoma City, Toledo, Wichita, and
the metropolitan area of Southern California. In 1932 the number of places with
softened supplies was 40; in this report of the same 670 places mentioned inWater-
Supply Paper 658 the number of places with softened supplies is 85.

The weighted average hardness for the surface-water supplies in the report in
1932 was 85 parts per million; in this report it is 82 parts. The weighted average
hardnesses for the ground-water supplies are 191 and 162 parts per million re-
spectively. The decreases in the weighted average hardness of both surface and
ground-water supplies are explained as above for the decrease in the weighted
average for all the supplies for the country. Although the decrease in hardness
of the ground-water supplies is much greater than in the surface-water supplies,
this decrease has less weight in decreasing the weighted average for all supplies
than the decrease in the surface supplies because the ground-water supplies rep-
resent only 11.2 percent of the total population, the surface supplies, 47.1 per-
cent. .
Data on weighted average hardness for the raw-water supplies are shown in
table 8 in the same manner asthey are shown in table 5 for the water supplies as
served tothe consumers. Average-hardness values for the raw supplies were ob-
tained inthe same manner asfor the supplies as served to the consumers, although
more estimates were made for the raw water averages of the individual supplies
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than for the finished water supplies.

An examination of the tables shows the welghted average hardness of the raw-
water supplies for the United Statesto be 116 parts per million as compared to 97
parts for the finished-water supplies; 96 parts for raw surface-water supplies as
compared to 82 parts for the finished surface-water supplies;and 200 parts for the
raw 1giround-water supplies as compared to 162 parts for the finished ground-water
supplies.

Table 8. --Weighted average hardness of raw water from large public supplies in each State, 1952

Surface supplies | Ground supplies __All supplies
Hard- Population servggJ Hard- | Population served} pog. {Populationserved
State ness Percent | pess Percent | pess Percent.
as Thou- [of popu-| as Thou- |of popu-| as Thou~ Jof popu-
CaCo, sands |[lation of CaCo, sands |lation of CaCo, sands {lation of
(ppm) State | (ppm) State (ppm) State
Alabama ............. 40 878 28.7 67 271 8.8 47 1,149 37.5
Arizona ........ .. 200 167 22.2 225 271 36.2 215 438 58.4
Arkansas .... .. 23 355 18.6 60 187 9.8 36 542 28.4
California ...... . 184 7,962 5.2 206 1,945 18.4 188 | 8,907 93.6
Colorado ....... 110 7154 56.9 -- -- -- 110 754 56.9
Connecticut .. 27 1,481 3.7 42 23 1.2 27 1,504 74.9
Delaware ............ 55 128 40.3 56 44 13.7 55 172 54.0
District of Columbna .. 84 803 | 100 -~ -- - 84 803 | 100
Florida ........... .. 95 262 9.4 242 1,218 44.0 216 1,480 53.4
Jeorgia ....... . 15 1,237 35.9 167 294 8.6 44 1,531 44.5
Idaho ...... . .. 90 84 14.3 135 142 24.2 119 226 38.5
Tllinois ... . 137 4,901 56.3 384 549 6.3 162 5,450 62.6
Indiana .............. 206 1,310 33.3 354 571 14,5 251 1,881 417.8
owa .......cc000ennn 210 429 16.3 342 592 22.6 286 1,021 38.9
Kansas .............. 221 423 22,2 271 380 20.0 245 803 42.2
Kentucky . 107 916 31.1 291 47 1.6 116 963 32.7
Louisiana .. 108 871 32.4 84 332 12.4 101 1,203 44.8
Maine ...... .. .. 18 388 42.4 22 23 2.5 18 411 44.9
Maryland ....... . 38 1,677 71.6 27 34 1.4 38 1,711 73.0
Massachusetts .. 19 3,314 70.7 53 330 7.0 22 3,644 7.7
Michigan ....... . 113 3,359 52.17 314 510 8.0 140| 3,869 60.7
Minnesota ...... . 150 1,012 33.9 275 282 9.5 177 1,294 43.4
Mississippi . 56 161 7.4 20 361 16.6 31 522 24.0
Missouri ... 126 2,099 53.0 228 157 4.0 133 2,256 57.0
Montana ....,... . 101 205 34.8 224 39 6.6 121 244 41.4
Nebraska ....... 261 264 19.9 239 2417 18.7 250 511 38.6
Nevada ......... 101 54 33.5 204 42 26.5 147 96 60.0
New Hampshire . 16 194 36.3 58 83 15.6 29 271 51.9
New Jersey ..... 51 2,886 59.7 137 988 20.4 3 3,874 80.1
New Mexico..... 76 50 7.4 282 222 32.6 244 272 40.0
New York ....... 46| 10,660 71.8 112 1,122 7.6 521 11,782 9.4
North Carolipa .. 23 1,194 29.4 123 57 1.4 28 1,251 30.8
North Dakota .... . 255 104 16.8 345 49 7.9 283 . 163 4.1
Ohio ........... . 139| 8,952 49.7 358 899 11.3 179| 4,851 61.0
Oklahoma . . . 150 74 34.6 224 1221 5.5 160 896 40.1
Oregon ......... . 13 644 42.3 37 114 7.5 15 1758 49.8
Pennsylvania . 86 6,387 60.9 200 320 3.0 91 6,707 63.9
Rhode Island .. 21 672 84,9 25 42 5.3 21 714 90.1
South Carolina . .. 17 615 29.1 23 125 5.9 18 740 35.0
South Dakota ......... 253 87 10.2 426 114 17.5 362 181 27.7
Tennessee ........... 7 790 24.0 49 543 16.5 66 1,333 40.5
Texas ....... A 162 1,971 25.6 144 1,890 24.5 153 3,861 50.1
Utah ......... e 171 194 28,2 212 179 25.9 191 373 54,1
Vermont ......... 52 103 27.2 59 21 5.6 53 124 32.8
Virginia ........ 48 1,466 44,2 157 93 2.8 54 1,559 41,0
Washington ..... 24 1,029 43.2 118 308 13.0 45 1,337 56.2
West Virginja ... 66 541 27.0 185 108 5.4 86 649 32.4
Wisconsin,........... 132 1,095 31.9 253 519 15,1 171 1,614 47.0
Wyoming .......... .. 114 1 24.3 233 64 22.3 171 135 46.6
United States ..... . 96 | 170,953 47.1 200| 16,873 11.2 116 87,826 58.3
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Further examination of thetables shows that for sixStates the hardness reported
for the raw-water supplies is the same as for the finished-water supplies. For 17
States where soft water supplies are generally found the weighted average hardness
of the raw-water supplies is less than the finished-water supplies, indicating the
addition of lime in the treatment of the raw-water supplies for pH adjustment and
corrosion control; and for 19 States where hard-water supplies are more general,
the hardness of the raw-water supplies is considerably higher than the finished-
water supplies, indicating that softening was part of the treatment of the raw-water
supplies in those areas.

The data on weighted average hardness in table 5 are further summarized on
plate 1 and table 8 on plate 2. The States are separated into four groups according
to the weighted average hardness of the supplies of each State and are shown on the
maps by shaded patterns representing the four groups or ranges of hardness, These
maps of weighted-average hardness of supplies by States have definite limitations,
but they show, in a general way, the areas where water in definite ranges of hard-
ness is found. It js obvious that hardness of water supplies does not follow State
lines; moreover, each State, with one exception, has supplies with hardness that
exceed the limits of the ranges of hardness for the particular group into which it
falls. The map for the weighted average hardness of the raw-water supplies more
nearly represents the average hardness of the natural waters than the map for the
weighted average hardness of the finished-water supplies.

The classification of water supplies as soft, moderately hard, hard, and very
hard is rather unsatisfactory even where the domestic use of the water is concerned,
and much more so with respect to the industrial use of the water. Water with a
hardness of 100 parts per million may be called a soft water by one accustomed to
using a water with300 or 400 parts of hardness, whereas, one accustomed to using
a water with less than 50 parts hardness may call water with a hardness of 100
parts rather hard. A water with a hardness of 100 parts is not soft in terms of
soap consumption in cleansing, washing, and laundering operations. About 60 per-
cent of the population of the places in this report are furnished with water having a
hardness of 100 parts per million or less. (See table 9 and plate 3.)

Table 9. --Population served, and the percent of population served with water from pub-
lic supplies having hardness of 100 parts per million or less for 1,315 of the larger
cities in the United States, 1952

Population Population
State served Percent State served Percent
(thousands) (thousands)

Alabama........... 1,065 92,7 [[Nebraska ......... 0 0
Arizona ........... 32 7.3 ||Nevada ........... 44 45.8
Arkansas .......... 509 93.9 || New Hampshire.... 252 91.0
California.......... 2,643 26.7 || New Jersey ....... 2,686 69.3
Colorado .......... 183 24,3 || New Mexico....... 35 12,9
Connecticut ........ 1, 504 100 New York ........ 10, 187 86.5
Delaware .......... 155 90.1 || North Carolina .... 1,236 98.8
District of Columbia 803 100 North Dakota...... 46 30.1
Florida ........ ees 857 57.9 |{Ohio .......vuntnn 957 19.7
Georgia ....... e 1,382 90.3 || Oklahoma......... 638 71.2
Idaho .........0... 140 |° 61.9 ||Oregon........... 758 100
linois ............ 215 3.9 || Pennsylvania...... 3,580 53.4
Indiana ........... 135 7.2 || Rhode Island ...... 714 100
IoWa ..vnennnnnns .. 396 38.8 || South Carolina .... 731 98.8
Kansas ..... eenaee 155 19.3 || South Dakota ...... 33 18.2
Kentucky........... 627 65.1 || Tennessee ........ 1,064 79.8
Louisiana ......... 1,133 94.2 || Texas ...coevunnn . 2,012 52.1
Maine ............. 411 100 Utah .........ccee 0 0
Maryland .......... 1,711 100 Vermont....... 112 90.3
Massachusetts ..... 3,644 100 Virginia ....... ves 1,524 97.8
Michigan .......... 3,078 79.6 || Washington ....... 1,135 84.9
Minnesota ......... 1,012 78.2 || West Virginia .....| - 473 72.9
Mississippi ........ 472 90.4 | Wisconsin......... 133 8.2
Missouri .......... 1,594 70.7 {{ Wyoming.......... 61 45.2
Montana ........... 111 45.5 Total........... 52, 378. 59.6
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The limitations of quality with respect to the hardness of water supplies for
industrial use are so varied that any general classification would not be feasible
or satisfactory. A supply with a hardness of 60 parts per million may be satis-
factory for one or several industries and not satisfactory for others. The group-
ing of the supplies in this report into four groups or ranges of hardness follows
the pattern used in Water -Supply Paper 658 and is convenient for comparison;the
grouping does not fit any industrial classification. Some other grouping may be
more practical or satisfactory than the above.

For the finished-water supplies 17 States fall into the first group, 1 to 60 parts
per million of hardness; 14 States and the District of Columbia fall into the sec-
ond group, 61 to 120 parts of hardness; 10 States fall into the third group, 121 to
180 parts of hardness; and 7 States fall into the group, above 180 parts of hard-
ness. Inthe second group 3 States (California, Idaho, and Montana) have weighted-
average hardnesses near the maximum for the group, and a total of 9 States and
the District of Columbia have weighted average hardnesses above 90 parts. In
the third group 4 States (Kansas, North Dakota, Wisconsin, and Wyoming) have
weighted average hardnesses around 170 parts or near the upper range of hard-
ness for the group.

For the raw-water supplies, the States fall into the four groups as follows:
18 States in the first group; 8 States and the District of Columbia in the second
group; 11 States in the third group; and 11 States in the last group. The signifi-
cant factin this grouping of the States according to the weighted average hardness
of the finished-water supplies and the raw-water supplies is the difference in the
number of States falling into the second and last groups. Supplies that have been
softened generally fall in with the group with 61 to 120 parts of hardness, and
raw-water supplies most likely to be softened fall in the third and last groups.
This difference in the number of States in the second group has been the result of
softening of supplies with hardness not only above 180 parts but also those with
hardness in the upper ranges of the third group.

AVERAGE HARDNESS

Further summaries of data on the hardness of the finished-water supplies for
the places in this report are shown in table 10 and plate 4. Table 10 shows the
average hardness of both finished surface-water and ground-water supplies
and also of both supplies combined for each State, based on the number of sup-
plies shown in the table for each State. It is realized that for some of the States
the averages are based on too few or insufficient data--for example, no ground-
water supplies are included in the average for Colorado, and only one surface
supply is included in the average for Nebraska.

These arithmetical averages for the States as a whole are slightly higher than
the weighted average hardness, for a small place has the same weight as a large
place in the arithmetical averages and the larger places in many States are the
ones that have the softer supplies or receive softened supplies, and consequently
have more weight in a weighted average. The average hardness for the United
States is 121 parts compared to 97 parts for the weighted average.

. The grouping of the States for plate 4 according to the four ranges of hardness
differs considerably fromthe grouping for plate 1 of weighted averages. The num-
ber of States in the group of 1to 60 parts per million of hardness and the group of
above 180 parts for plate 4 is 12 and 13, respectively, as compared to 17 and 7
for plate 1. The number of States in the other two groups is about the same, but
the States making up the groups are different.
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Table 10. --Number of supplies, and average hardness, by States, of finished
water for 1,315 of the larger cities of the United States, 1952

Surface supplies

Ground supplies

All supplies

State Hardness Hardness Hardness
Number [as CaCO, |Number |as CaCO, |Number jas CaCO,
(ppm) (ppm) (ppm)
Alabama......... 15 46 8 70 23 54
Arizona ......... 5 186 20 215 25 210
Arkansas ........ 13 51 15 70 28 61
California ....... 29 132 57 176 86 161
Colorado ........ 12 106 - -- 12 106
Connecticut . ..... 20 29 3 42 23 30
Delaware ........ 2 61 i 76 9 74
District of
Columbia ..... 1 96 -- -- 1 96
Florida ......... 5 90 24 112 29 108
Georgia ......... 16 31 17 114 33 75
Idaho............ ki 68 11 172 18 132
Ilinois .......... 20 133 14 324 34 212
Indiana .......... 15 182 20 338 35 271
Iowa ............ 13 140 24 274 31 227
Kansas .......... 13 134 15 229 28 185
Kentucky ........ 18 97 3 128 21 101
Louisiana ....... 6 70 11 60 17 64
Maine ........... 13 23 2 42 15 23
Maryland ........ 9 44 2 26 11 40
Massachusetts ... 33 28 14 56 47 36
Michigan ........ 19 107 14 216 33 153
Minnesota ....... 5 8 18 265 23 224
Mississippi ...... 3 81 20 28 23 35
Missouri ........ 16 125 7 113 23 140
Montana .......... 10 90 6 202 16 132
Nebraska ........ 1 261 12 253 13 254
Nevada .......... 4 132 6 168 10 154
New Hampshire .. 7 17 4 50 11 30
New Jersey ...... 18 58 22 104 40 83
New Mexico...... 3 87 11 321 14 271
New York........ 44 ™ 19 104 63 85
North Carolina ... 38 35 4 76 42 39
North Dakota..... 6 128 5 275 11 195
Ohio ............ 26 123 16 202 42 153
Oklahoma........ 20 174 8 156 28 169
Oregon .......... 11 28 4 50 15 34
Pennsylvania..... 54 71 11 127 65 80
Rhode Island..... 8 38 4 28 12 34
South Carolina ... 21 23 14 22 35 22
South Dakota ..... 5 154 8 379 13 292
Tennessee ....... 13 89 9 86 22 88
TeXAS t.vuvvnnnnn 34 162 46 125 80 140
Utah............. 3 196 12 222 15 217
Vermont......... 8 57 4 79 12 64
Virginia ......... 25 49 ki 140 32 69
Washington ...... 14 32 9 82 23 53
West Virginia .... 16 (i 5 168 21 94
Wisconsin ........ 9 120 15 240 24 195
Wyoming ........ 6 195 ki 225 13 211
United States... 712 85 594 164 1,306 121
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Further data on average hardness of the raw-water supplies of places inthis re-
port are shown in table 11 and plate 5. The results for average hardness of the
raw-water supplies in table 11 were obtained in the same manner as for table 10
of thefinished-water supplies. The averagesfor some of the States in table 10 dif-
fer only to a small degree, being either higher or lower, from the weighted aver-
ages of the raw-water supplies as shown in table 8, whereas for other States the
two averages differ considerably. The average hardness for the United States is
139 parts as compared to 116 parts for the weighted average.

The arrangement of the States into the four groups, according to the ranges of
average hardness as shown in plate 5, differsconsiderably as to the number falling
into each group and asto the States making up each group, fromthe groupings made
according to the weighted average hardness as shown on plate 2. The greatest dif-
ference as to number of States is in the two groups of the higher ranges of hard-
ness, 121to0 180 parts and above 180 parts, respectively. In these two groups there
are 4 States and 19 States respectively, as compared to1land 11inthe same groups
for plate 2.

The data onhardness as summarized in table 11 and plate 5 when compared with
those summarized in table 10 plate 4 also reveal important difference in the values
for average hardness of the raw and finished supplies of the individual States and
the grouping of the States into the four groups or ranges of hardness. The data as
summarized in table 11 and plate 5 give more nearly accurate information as to the
average hardness of the natural waters of the States than the data on average hard-
ness weighted according to population or changed by reason of the treatment of the
supplies, summarized in the preceding tables and illustrations. Plate 5 is a rea-
sonably accurate representation of the areas of soft and hard waters in the United
States.

Table 11. --Numper of supplies, and average hardness, by States, of raw water for
1,315 of the larger cities in the United States, 1952

Surface supplies Ground supplies All supplies
State Hardness Hardness Hardness
Number [as CaCO,|Number| as CaCO, |Number | as CaCO,
{ppm) (ppm) {(ppm)
Alabama......... 15 30 9 72 24 46
Arizona ......... 5 183 20 215 25 209
Arkansas ........ 13 38 15 80 28 61
California ....... 32 150 56 189 88 175
Colorado ........ 12 107 - -- 12 107
Connecticut ...... 19 26 3 42 22 28
Delaware ........ 2 45 7 72 9 66
District of .
- Columbia ...... 1 84 - - 1 84
Florida ......... 5 5 24 252 29 222
Georgia ......... 16 24 18 126 34 78
Idaho ........... 7 65 1i 172 18 131
Illinois .......... 19 174 14 358 33 252
Indiana .......... 17 199 21 352 38 284
Iowa ............ 13 195 24 355 37 299
Kansas .......... 13 210 15 307 28 262
Kentucky ........ 18 92 3 206 21 109
Louisiana ....... 6 817 11 112 17 103
Maine ..........0 13 20 2 22 15 21
Maryland ........ 8 36 3 30 11 34
Massachusetts ... 33 24 14 58 417 34
Michigan......... 19 135 - 14 298 33 204
Minnesota ....... 5 148 18 ) 280 23 251
Mississippi ...... 3 61 20 34 23 37
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Table 1i. --Number of supplies, and average hardness, by States, of raw water for
1,315 of the larger cities in the United States, 1952 --Continued

Surface supplies Ground supplies All supplies

State Hardness Hardness Hardness
Number | as CaCO, | Number| as CaCO, | Number | as CaCO,

(ppm) (ppm) (ppm)
Missouri ........ 16 163 7 247 23 189
Montana ......... 10 106 6 193 16 139
Nebraska ........ 1 261 12 267 13 2617
Nevada .......... 4 182 6 168 10 174
New Hampshire .. 7 17 4 55 11 31
New Jersey ...... 18 54 22 110 40 85
New Mexico...... 3 89 11 337 14 284
New York ....... 44 78 19 106 63 87
North Carolina ... 38 22 4 126 42 32
North Dakota..... 6 231 5 300 11 262
Ohio ............ 26 160 17 361 43 240
Oklahoma........ 20 176 8 246 28 196
Oregon .......... 11 26 4 50 15 33
Pennsylvania .... 54 70 12 172 66 89
Rhode Island ..... 8 31 5 26 13 29
South Carolina. ... 21 18 14 19 35 19
South Dakota ..... 5 256 8 452 13 392
Tennessee ....... 13 85 9 84 22 85
Texas ........... 34 177 46 126 80 148
Utah ............ 3 196 12 222 15 217
Vermont......... 8 57 4 79 12 64
Virginia ......... 25 43 9 141 34 69
Washington. ...... 14 33 9 83 23 52
West Virginia .... 16 62 5 202 21 95
Wisconsin ....... 9 142 15 239 24 203
Wyoming ........ 6 173 7 247 13 213
United States. .. 714 94 602 192 1,316 139

MEDIAN HARDNESS

Data on the average hardness of public water supplies, by States, for 1,315 of
thelarger cities of the United States are summarized in a different way in table 12
for finished-water supplies and in table 13 for raw-water supplies than in the pre-
ceding tables. These two tables in addition to showing the median of the average
hardnesses of the supplies of each State, show the range in average hardness of
the supplies of each State based on the number of supplies indicated in each table.
The number of supplies shown for each State may not necessarily coincide with
the number of cities for each State included in the report, because a number bf
cities in several States are supplied from a single source of supply, and converse-
ly, one city may have several sources of supply.
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Table 12. --Number of supplies, range in average hardness, and median hardness of finished water,
by States, for 1,315 of the larger cities in the United States, 1952

Range | yrodian Number Range | prodian
State n hardness State of in hardness
hardness supplies |hardness

Alabama.......... 14-115 49 || Nebraska ......... 13 | 112-370 274
Arizona 12-500 185 || Nevada ...... cenas 10 | 33-320 162
Arkansas ... 11-250 45 || New Hampshire.... 11 | 10-121 21
California 18-561 152 || New Jersey ....... 40 | 10-251 67
Colorado .... 11-317 68 {| New Mexico....... 14 | 30-626 168
Connecticut .. PN 23 | 11-46 32 || New York ......... 63 7-292 82
Delaware .......... . 9| 24-144 61 || North Carolina .... 42 6-113 36
District of Columbia .. 1 -~ 96 || North Dakota....... 11 | 81-406 152
Florida ............. 29 | 20-274 91 || Ohio...vvuvernnn, 42 | 46-427 120
Georgia .. 33 | 18-360 50 || Oklahoma ....... . 28 8-675 130
Idaho .... 18 8-354 125 || Oregon ........... 15 9-95 36
Hlinois ... 34 | 80-565 144 || Pennsylvania ...... 65 5-256 T2
Indiana .............. 35| 176-640 286 || Rhode Island ...... 12 | 17-83 30
I0WA toviineinnnnnnns 37| 83-632 192 || South Carolina..... 35 3-107 17
Kansas .............. 28 | 75-548 130 (| South Dakota ...... 13 | 70-672 255
Kentucky ............ 21| 12-198 107 || Tennessee ....... . 22 | 19-177 9
Louisiana............ 17 2-151 76 || Texas .......cove. 80 4-700 96
Maine ........c0.nien 15 8-82 18 || Utah ..... R 15 |152-349 198
Maryland ............ 11 3-85 35| Vermont ......... 12 | 16-121 58
Massachusetts ....... 47 8-80 39 || Virginia .......... 32 8-295 45
Michigan ........... . 33 | 43-405 132 || Washington ....... 23 | 12-155 46
Minnesota ........... 23 | 46-464 241 || West Virginia ..... 21 | 28-264 70
Mississippi «..v.vonte 23 2-150 23 || Wisconsin......... 24 | 50-500 131
Missouri ...........n 23 | 55-294 120 || Wyoming ......... 13 | 12-575 170
Montana ............. 16 16-404 121

Table 13. --Number of supplies, range in average hardness, and median hardness of raw water, by
States, for 1,315 of the larger cities in the United States, 1952

Number | Range Median Number | Range Median
State of in State of in

supplies | hardness hardness supplies | hardness hardness
Alabama............. 24 7-115 41| Nebraska ......... 13 |155-370 284
Arizona ............. 25 | 12-500 190 |} Nevada 10 | 33-320 202
Arkansas ...... 28 | 10-250 35[{ New Hampshire.... 11 | 10-121 21
Californija...... 88 | 18-561 167 || New Jersey ....... 40 5-251 66
Colorado ...... 12 | 11-308 64 || New Mexico ....... 14 | 35-626 212
Connecticut .... 22 | 11-46 28 || New York ......... 63 7-292 81
Delaware ...... eee 9 | 22-144 35 || North Carolina .... 42 6-195 23
District of Columbia .. 1 Te- 84 || North Dakota ..... 11 | 51-445 257
Florida ......... e 29 |12-1,060 200 (| Ohio wvvvrennnnnn 43 | 95-677 217
Georgia ........ .. 34 | 10-360 48 || Oklahoma ......... 28 8-700 134
daho................ 18 8-354 105|| Oregon ........... 15 8-95 35
Illinofs . 33 | 126-565 225 || Pennsylvania ...... 66 5-314 68
Indiana 38 | 112-640 285 || Rhode Island ...... 13 | 10-68 26
Iowa .......... 37 | 96-632 268 || South Carolina,.... 35 3-107 16
Kansas 28 | 115-548 250 {{ South Dakota ...... 13 [193-673 281
Kentucky 21 | 12-350 100 || Tennessee ...... .. 22 | 25-161 86
Louisiana 17 2-395 90 (| Texas ..oovvnnnnnn 80 4-1700 126
Maine ......... 15 8-63 18([Utah «..vvvinienns 15 |152-349 198
Maryland 11 3-80 32|| Vermont ......... 12 | 16-121 57
Massachusetts 47 8-95 28 || virginia ...... N 34 7-330 44
Michigan 33 | 43-405 185 || Washington........ 23 | 12-155 46
Minnesota 23 | 44-464 250 || West Virginia ..... 21 | 16-264 87
Mississippi .......00. 23 3-226 20 || Wisconsin ........ 24 | 50-500 168
MisSouri ............ 23 | 55-317 183 || Wyoming.......... 13 | 12-700 150
Montana ............. 16 3-404 144
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The range inhardness as shown in these two tables is the range in the average
hardnesses for the number of supplies as indicated for each State. No intent is
made to show the range in hardness of the individual supplies of each city. The
tables show that for some States the range in average hardness of the supplies is
comparatively small, whereas for other States it is large. The lower limits of
the range in average hardness for all the States for finished-water supplies range
from 2 to 152 parts, the upper limits from 46 to 700 parts. For the raw-water
supplies, the lower limits of the range in average hardness for all the States is 2
to 193 parts; the upper limits, 46 to 1,060 parts. The ranges in average hard-
nesses, as here shown for the public water supplies included in this report for
each State, tend to emphasize the fact that erroneous conclusions may be drawn
from averages of hardness for each State.

The median of the.average hardnesses is that value below which there are as
many supplies with hardnesslessthanthe median as there are supplies with hard-
ness greater than the median. The difference between the average hardness and
the median indicates the difference in balance of the hardnesses of supplies with
less and greater hardness than the median.

All data on hardness of public water supplies, by States, for the places in-
cluded in this report are shown in summary table 14, in which are summarized
the data on weighted average hardness, average hardness, and median hardness.

Table 14, --Summary of data on hardness of public water supplies, by States, for
1,315 of the larger cities in the United States, 1952

Finished water Kaw water
Weighted Average | Median Weighted Average |Median
State 4Verage |hardness|hardness| > . 28€ | hardness|hardness
hardness hardness
Alabama........ 55 56 49 417 46 41
Arizona ........ 216 208 185 215 209 190
Arkansas ....... 42 61 45 36 61 35
California ...... 118 160 152 188 187 167
Colorado ....... 107 106 68 110 89 64
Connecticut ..... 21 29 32 27 28 28
Delaware ....... 60 5 61 55 66 35
District of
Columbia ..... 96 96 96 84 84 84
Florida ........ 123 91 91 216 222 200
Georgia ........ 41 % 50 44 78 48
Idaho .......... 119 136 125 119 131 105
Illinois ........ 156 215 144 | 162 252 225
Indiana ........ 2317 272 286 251 284 285
Iowa ........... 212 235 192 286 299 268
Kansas ........ 176 185 130 245 262 250
Kentucky ....... 102 101 107 116 109 100
Louisiana....... 68 64 76 101 103 90
Maine .......... 20 23 18 18 21 18
Maryland ....... 48 40 35 38 34 32
Massachusetts .. 23 36 39 22 34 28
Michigan ....... 115 160 132 140 207 185
Minnesota ...... 114 224 241 171 251 250
Mississippi..... 39 35 23 31 37 20
Missouri ....... 106 141 120 133 188 183
Montana ........ 120 137 121 121 139 144
Nebraska ....... 247 254 274 250 267 284
Nevada ........ 135 154 162 147 174 202
New Hampshire . 28 30 21 29 31 21
New Jersey ..... 5 86 67 73 85 66
New Mexico..... 237 271 168 244 284 212
New York....... 52 4 82 52 817 81
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Table 14. ~-Summary Hf data on hardness of public water supplies, by States, for
1,315 of the larger cities in the United States, 1952--Continued

Finished water Raw water
Weighted . Weighted .
State average | Average | Median | gyerage | Average Median

hardness | hardness{hardness | hardness | hardness|hardness

North Carolina .. 34 38 36 28 32 23
North Dakota.... 170 192 152 283 262 257
Ohio ........... 150 155 120 179 240 217
Oklahoma....... 125 169 130 160 196 134
Oregon ........ 17 37 36 15 33 35
Pennsylvania ... 86 81 2 91 89 68
Rhode Island . 32 34 30 21 29 26
South Carolina .. 18 22 17 18 19 16
South Dakota .... 299 292 255 362 392 281
Tennessee ...... 70 86 9 66 85 86
Texas .......... 132 144 96 153 148 126
Utah ........... 191 217 198 191 217 198
Vermont........ 53 64 58 53 64 57
Virginia ........ 65 70 45 54 69 44
Washington ..... 44 52 46 45 52 46
West Virginia ... 88 94 0 86 100 87
Wisconsin ...... 167 195 131 171§ 203 168
Wyoming ....... 171 211 170 171 221 150
United States.. 97 121 91 116 139 90

SOURCES AND TREATMENT OF PUBLIC WATER SUPPLIES

Table 15 is a tabulation of data as to sources and general methods of treat-
ment relative to the public water supplies of the larger cities of the United States
in 1952, The data for the table were taken from those shown for the supply for
each place in the report.
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Table 15. --Source and treatment of the public water supplies for 1,315 of the

larger cities in the United States, 1952

Population served
Num-

Source and treatment Percent of
ber of | Thou- |po,00nil population of
places| sands United States

Surface water:
Notreatment ..........ccoiviiiennnnnns 3 * 95 0.1 0.1
No treatment other than chlorination ..... 143 /18,095 28.1 12,0
Slow sand filtration .................... 28| 3,348 5.2 2.2
Rapid sand filtration ............c.00..e 459132,867| 51.1 21.8
Softening
Withlime ....vcieiiiiniinennennnnes 44 3,917 6.1 2.6
With lime-sodaash ...........000vennes 31| 3,163 4.9 2.1
By cation exchange ............... veee 3| 2,859 4.5 1.9
Total softened supplies .............. 781 9,939 15.5 6.6
Total surface-water supplies ......... 71164,344| 100.0 42.7
Ground water (wells, infiltration galleries,
and springs):
Notreatment ......cccviiiviienimacenns 114} 2,025| 14,1 1.4
No treatment other than chlormanon ..... 213} 17,335| 51.0 4.9
Iron and manganese removal ............ 64| 2,594 18.0 1.7
Slow sand filtration ............000uaue. 0 0 0 0
Rapid sand filtration ............... S 16 463 3.2 .3
Softening
Withlime ......covviieiiinennnnnenss 31| 1,114 .1 4
With lime-sodaash................... 20 524 3.6 .4
By cation exchange ...........c0c00u0. 14 340 2.4 .2
Total softened supplies .............. 65| 1,978 13.7 1.3
Total ground-water supplies.......... 472 114,395 | 100.0 9.6
Mixed supplies (surface and ground water):
Notreatment .............cv0iiiennneen 0 0 0 0
No treatment other than chlorination ..... 37( 3,631 40.0 2.4
Iron and manganese removal ............ 2 41 .4 .0
Slow sand filtration .................... ki 132 1.4 .1
Rapid sand filtration ................... 58| 2,694] 29.7 1.8
Softening
Withlime....overiiininrreeaieanannne 10} 1,164| 12.8 .8
With lime-sodaash ................... 12| 1,096| 12.1°7 .7
By cation exchange .......... e ecseaas 6 329 3.6 .2
Total softened supplies .............. 28] 2,589 28.5 1.7
Total mixed supplies ................ 132 9,087 100.0 6.0
Total all softened supplies ........ 171 (14,506 16.5 9.6
Total all supplies ...... N 1,315)87,826 | 100.0 58.3
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NATURAL SURFACE WATER

Of the 711 places included in this report that are supplied with surface water
only, 3 receive no treatment and 143 receive no treatment other than chlorination.
See table 15 and fig. 2. The population thus served represents 28. 2 percent of the
population served with surface supplies only, and 12 percent of the total popula-
tion of the United States. Falling into this category are some of the largest public
supplies of the country. These supplies are usually takenfromlarge lakes or from
impounding reservoirs on streams that drain protected uninhabited watersheds.
The storage capacity of these lakes and reservoirs is usually so large in relation
todemand that sufficient time is given for the settling of any suspended matter and
for natural purification. The growth of algae in these open bodies of water can be
very troublesome. .

Many of these waters are soft and contain small quantities of mineral matter
in solution. Some may have little color, others may be highly colored. The lack
of hardness and dissolved minerals are desirablecharacteristics asfar as domes-
tic use and many industrial uses are concerned, but on the other hand these waters
are likely to be corrosive and may cause trouble in service mains and plumbing
installations. Some of the waters that are not corrosive may be equally trouble-
some because of their hardness and mineral content.

The current trend is to treat public supplies so as to make them not only safe
for drinking from a sanitary point of view but more satisfactory for generaluse and
to protect expensive water-supply systems from corrosion and resultant troubles.

SURFACE WATER GROUND WATER MIXED SUPPLIES

f _15.5 percent a. O.l percent f. 13.7percent a. 4.1 percent g. OO percent

f.
28.5
percent

b.
40.0
percent

d.
297
percent

b.
SLI
percent

SLI
percent

e. O.Opercent c. 5.2percent d. 3.2percent t. 0.0 percent e. 0.4 percent c. l.4percent
a.No treatment d.Rapid sand filtration
b. No treatment other than chlorination e.lron and manganese removal
c. Slow sand filtration f.Softening and filtration
’ TREATED SURFACE WATER

A total of 487 places of all the places supplies with surface water included in
this report were furnished with water filtered through sand filters, exclusive of
those supplies filtered in conjunction with softening. Of the population supplied
with filtered water, 5.2 percent received water from slow sand filters, and 51.1
percent, from rapid sandfilters. Seventy-eightof the surface water supplies were
softened. These softened supplies represented 15. 5percent of population furnished
with surface water only.

A total of 71. 4 percent of the population served with surface water received
water that was given more treatment than just chlorination. The above total does
not include the surface water mixed with ground water and classed as mixed sup-
plies.
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GROUND WATER

Ground water, although used exclusively by .only 472 of the places included in
this report is used by the greater part of the rural population of the country and
bythe smaller cities and towns. Ground water is less subject to changes in chem-
ical composition than surface water, is generally clearer, and is cooler in sum-
mer. On the other hand, ground water usually contains more dissolved mineral
matter and frequently objectionable quantities of iron. Supplies from shallow
sources and springs are sometimes subject to pollution.

The population served exclusively by ground-water supplies of the places in
this report represents 16. 4 percent of the total population of the 1,315 places,
andonly 9. 6 percent of the total population of the country. Of the 472 places serv-
ed with ground water, 114 places received water with no treatment; 213 places
received water with no treatment other than chlorination. The population of these
327 places represents about 65 percent of the total population served exclusively
with ground water. Sixty-five places were served with softened water, the popu-
lation of which places represents about 14 percent of the total population served
with ground water.

MIXED SUPPLIES

Thepopulation of 132 of the 1, 315 places in this report was furnished with sup-
plies, classed as mixed, from both surface andgroundsources. In some instances
the water from one source was not mixed with that from the other before entering
the city mains; in other instancesthe water from the two sources was mixed prior
to entering the mains. In some instances one or more sections of a city was fur-
nished with water from one source, while at the same time other sections were
furnished water from the other source. Ground water made up about 27 percent
of the total supply of these places furnished with mixed supplies. The population
served with mixed supplies is about 10 percent of the total population of the 1, 315
places included in this report and 6.0 percent of the population of the country.

Most of these places received water which was given more treatment than
chlor.:ation. Most of the supplies were filtered or softened. In some instances
one part of the supply received no treatment other than chlorination, whereas the
other part received more treatment.

PHYSICAL PLANT FACILITIES

Data relative to the physical plant facilities for treatment, raw-water storage,
and finished-water storage for most of the places included in fhis report, are
shown in table 16 and graphically in figure 3. Facilities for chlorination only are
not included in the statistics relative to the number and capacities of the treat-
mentplants. For afew placesthe capacities of the treatment plants are notshown.
Facilities for the storage of raw and finished water are included for all places
included in the report for which storage data are shown. For some places stor-
age data were not available or were not reported. In the tabulation of the data,
chlorinated water is considered finished water. Many large cities, the supplies
of which are taken from natural lakes or from large streams, have few facilities
for raw-water storage and have no particular need for them. Many places taking
their supplies from wells have few facilities for raw-water storage since many
such supplies are pumped directly into the distribution systems.
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Table 16. --Physical plant facilities for public water supplies for the larger cities
in the United States, 1952

Treatment plants | Raw-water storage | Finished-water storage
Stat umber .
€ Nug;ber c ;rp(;.t:ilty Nu?? er Capacity N ;? € Capacity
plants | (mgd) | places (meg) places (mg)

Alabama...... 15 139 11 5,736 24 61
Arizona ...... 5 43 9 8,598 9 172
Arkansas ..... 20 74 . 7 17,498 26 74
California .... 17 652 55 621,233 39 1,956
Colorado ..... 7 242 15 187,354 7 221
Connecticut ... 10 115 21 113,154 11 1,260
Delaware ..... 5 6 5 100 6 4
District of

Columbia.... 2 225 1 560 1 118
Florida ...... 17 217 10 766 24 59
Georgia ...... 19 217 16 1,238 29 8
Idaho......... 4 19 11 3,015 | 7 22
Illinois ....... 21 494 10 15,631 41 789
Indiana ....... 23 317 13 7,993 30 141
Iowa ......... 19 136 15 2,404 30 125
Kansas ....... 17 150 9 1,039 19 10
Kentucky ..... 16 222 11 3,058 21 164
Louisiana..... 11 185 6 40 13 45
Maine ........ 4 20 8 8,774 17 162
Maryland ..... 8 315 10 59,036 11 8417
Massachusetts 13 116 52 562,570 50 2,570
Michigan ..... 18 889 10 1,641 38 288
Minnesota .... 8 349 5 6,755 20 223
Mississippi ... 9 35 7 1,209 18 28
Missouri ..... 18 503 14 4,176 28 379
Montana ...... 4 53 11 18,279 6 33
Nebraska ..... 4 123 7 96 5 95
Nevada ...... 1 2 7 119 3 7
New Hampshire 3 6 ki 9,536 1 85
New Jersey ... 15 300 36 54 50 1
New Mexico... 2 4 9 2,851 9 47
New York..... 36 498 30 377,798 51 5,225
North Carolina 39 187 27 48, 856 40 169
North Dakota.. 7 26 4 7 10 191
Ohio ..... cens 31 888 28 32,164 46 686
Oklahoma..... 21 161 18 107,974 24 128
Oregon ....... 6 45 6 15 15 385
Pennsylvania. . 35 936 36 49,028 45 2, 502
Rhode Island .. 5 111 15 6,440 15 93
Saquth Carolina 22 94 20 5,483 29 75
South Dakota . . 8 27 2 3,876 11 38
Tennessee . ... 16 212 2 . 2 19 156
Texas ........ 36 605 33 119,719 65 497
Utah ......... 0 0 9 1,685 4 66
Vermont...... 1 6 8 1,606 5 56
Virginia ...... 24 257 19 30, 564 30 3,222
Washington. . .. 4 24 8 8,371 19 755
West Virginia . 18 133 8 1,501 21 60
Wisconsin. . ... 12 293 7 20 26 140
Wyoming ..... 4 23 5 724 7 49

Total....... 860 | 10,694 693 | 2,460,346 1,081 24, 557
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TREATMENT OF WATER

The treatment of water for public supplies is comprehensively discussed in
technical books expressly written for that purpose (Amer. Water Works Assoc. ,
1950; Hopkins, 1948; Nordell, 1951). Improvements in the design of waterworks
equipment and installations and the processes involved in the treatment and puri-
fication of water supplies are generally reported in the Journal of the American
Water Works Association andother waterworks publications of a technical or pro-
fessional nature. Statistics and descriptions have been collected for practically
all public water-supply systems and purifications plants of the country. (U. S.
Public Health Service, 1948).

The general discussions inthis reportrelative to the treatment of public water
supplies are of necessity brief and are intended to be mainly explanatory in char-
acter as to the data contained herein. The descriptions given of the treatment of
some of the individual supplies are incomplete, and others are lacking in detail,
but it is hoped that the descriptions that are given will be of some aid to those
using the report, and of value in the interpretation and avaluation of the analytical
data for each supply.

NATURAL PURIFICATION

It is generally recognized that waters impounded in artificial lakes and reser-
voirs improve in quality from storage. Suspended matter setties out, and the
amount of color and the number of pathogenic and other bacteria decrease. On
the other hand, conditions are favorable for the growth of algae and other micro-
organisms. Sanitary conditions within the catchment area of such supplies are
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usually carefully controlled to prevent pollution of the supply.

On account of the great increase in urban population and industrial develop-
ment, and the resultant pollution of many streams, relatively few places depend
on naturalpurification of their supplies. Chlorine is regularly appliedas a safety
measure to those supplies that have no other treatment than natural purification.

FILTRATION

Filtration, simply defined, is a process of clearing a liquid of suspended ma-
terial. Filtration in water treatment and purification is of extreme importance.
Sand is usually the filtering medium, and the two principal types of filters are
rapid sand filters and slow sand filters. The essential difference between filtra-
tion by means of rapid sand filters and slow sand filters is in the treatment of the
raw water preceding filtration, the rate of filtration, and the method of cleaning
the filters. The preliminary treatment of the raw water is important in the effi-
cient operation of filters of both types. The rate of filtration is as much as 50
times more rapid in the rapid sand filter than in the slow sand filter. The rapid
sand filter is cleansedor is washed by reversingthe flow of water through the fil-
tering medium, and the slow sand filter by removing and cleaning the top layer of
sand.

Other filtering media and other types of filters are used in the treatment of
water. Crushed and graded anthracite coalis sometimes used instead of sand and
gravel. The rate of filtration through anthracite coal is more rapid than through
sand, and the velocity needed for the wash water is lower, but coal is more ex-
pensivethan sand and gravel. Pressure types of filters with upward or downward
flow are used as opposed to the sand filters with gravity flow. Pressure filters
may be horizontal as well as vertical in design. Pretreatment of the water is as
necessary for the pressure filters as it is for the more conventional type sand

filter.
2

RAPID SAND FILTRATION

The essential processes in the treatment of water where rapid sand filters are
concerned are coagulation and sedimentation preceding filtration.

Plain sedimentation, --Plain or primary sedimentation, differentiated from
that which follows after the addition of the coagulants to the raw water, is accom-
plished at many plants by allowing the raw water to stand in large basins or res-
ervoirs for a length of time sufficient for the greater quantity of the suspended
material to settle out. Finely divided and colloidal materials do not readily set-
tle out, making it necessary to add coagulants before the filtration process. Plain
sedimentation is an important preliminary step in the treatment of turbid waters
even where rapid sand filters are used and is absolutely essential where slow
sand filters are used, if coagulation is not used prior to filtration. Earlier this
was the only treatment given surface waters, but the current practice is not to
rély on plain sedimentation as a means of water purification. Impounded reser-
voir supplies are usually chlorinated as an added precaution when no other treat-
ment is given.

Provisions are usually necessary for the removal of the settled material from
reservoirs and basins by operation of sluice gates or other means. Capacity of
reservoirs can be greatly lessened by this settled material and the useful life of
the reservoir limited.

Coagulation, --To settle out the finely divided solid material, colloidal mate-
rial, and bacteria and other micro-organisms, it is necessaryto apply coagulants
to the raw water after plain sedimentation. The most commonly used coagulant
is aluminum sulfate, referred to as alum. Ferrous sulfate and ferric sulfate are
less commonly used. Other coagulants are ferric chloride, sodium aluminate,
sodium silicate, and bentonite. Lime and soda ash as conditioning agents are
frequently used in conjunction with coagulants. Activated silica, originally sug-
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gested by Baylis (1937) as an aid in coagulation, is finding increasing use as a co-
agulant in softening plants (Black, 1948) and in other treatment plants (Hay, 1944).
Different coagulants have specific merits which must be recognized in selecting
the ones to be used. Coagulants, either in dry or liquid form, are fed to the raw
water by various regulating feeding devices. The ease in handling and application
of the coagulant is sometimes an important consideration in the selection of the
coagulant to be used.

The addition of alum in the coagulation process increases the sulfate content,
reduces the alkalinity of the water, and tends to leave the water somewhat corro-
sive. The increase in the sulfate content of the water is of minor significance in
the industrial use of the water. The adjustment of the pH of the water is usually
necessary before delivery to the mains.

The action of the coagulant is to clump together the suspended material, so
that it and most of the coagulant may settle out prior to filtration. Proper coag-
ulation and subsequent settling are very important in the efficient operation of the
modern rapid sand filtration plant. The quantity or dosage of coagulant to be added
tothe raw water was based formerly on the turbidity, later on the alkalinity of the
water. Current practice is to determine the proper dosage by trial. Turbidity,
pH, temperature of the water, and length of time of mixing are factors to be con-
sidered in determining the proper dosage. Finely divided suspended material is
more difficult to coagulate than larger particles. Good coagulation is obtained
only at definite pH ranges, and in some waters adjustment of pH is necessary.
Length of time of mixing and temperature of the water affect coagulation and floc-
culation, and consequently the dosage required. The variable character of a wa-
ter and thedifferent types of waters must be considered; strict laboratory control
is necessary throughout the whole treatment process.

Mixing and settling basins, filters. --There are varioustypes of mixing basins,
the function of which areto mix the chemicals withthe water quickly and uniformly
s0 as to bring about the proper flocculation of the coagulant and to keep the water
in motion a certain length of time before it enters the settling basins or sedimen-
tation basins. The coagulated water is detained in the settling basins to allow the
floc to settle out. The design and arrangement of the settling basins are such that
this settled floc or sludge canbe removed continuously or periodically. The water
finally entersthe filtersfromthe settling basins practically free of suspended mat-
ter and floc and a great many bacteria and micro-organisms.

The rapid sand filter is usually rectangular in shape, filled tothe desired depth
with graded gravel and sand, equipped with a system of underdrains to carry off
the filtered water, and a means of washing by an upWard flow of water.

The rate of flow of water through the filter is usually 2to 3 gallons per minute
per square foot of filter surface. The filtering rate and loss of head at most mod-
ern plants are recorded automatically.: Washing is necessary when there is loss
of head and flow of water through the filter. The washing process consists basi-
cally in an upward flow of water through the filter bed at such velocity that the fil-
tering sand layer is agitated sufficiently to clean it of the material to be removed
y=t withoutappreciable loss of filter sand. Mechanical means of agitating the sand
are sometimes employed during the washing process. The efficient operation of
rapid sand filters requires constant attention to give an effluent of high quality.

SLOW SAND FILTRATION

Slow sand filters arethe older type of sand filters and are often referred to as
the European type, as compared with the rapid sand filters or the American type.

The filtering units are usually of large size requiring much more space, and
therefore construction costs are much greater than for rapid sand filters of the
same capacity. The rates of filtration range from 2 to10 million gallons per acre
of sand surface per day as compared to the 125 million gallons or more of the ra-
pid sand filter.

Filtration by slow sand filters is definitely limited to waters of low turbidity,
usually less than 20 parts (silica standard), of low color, and of lowbacterial load.
Water from lakes and large reservoirs may befiltered by slow sand filters without
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pretreatment.

Slow sand filters are efficient in the removal of taste and odor because biolog-
ical activity in the filters changes the forms of nitrogen and destroys some forms
of organic matter. They can be operated with a minimum of attention. Because
of construction costs and thelack of adaptability to waters of changing character-
istics and to modifications of treatment of the water, few slow sand filters are
being installed today.

DISINFECTION

Chlorine is the chief reagent used in the disinfection of water supplies and is
added before delivery of the water to the mains. The quantity of chlorine to be
added for effective disinfection depends upon the chlorine demand of the water.
This quantity must satisfy the chlorine demand and leave a residual of free avail-
able chlorine of about 0.1 to 0.3 part per million. The chlorine residual can be
conveniently determined by the well-known ortho-tolidine or ortho-tolidine arse-
nite test. Once the chlorine residual required for a water, determined by bacte-
riological check, is known, the chlorine dosage can be controlled to meet this
requirement by an automatic feeding device. Excessive chlorination can thus be
avoided.

Other agents used in the disinfection of water are chloride of lime, hypochlo-
rites, chloramines, chlorine dioxide, ammonia in conjunction with chlorine, o-
zone, and ultra-violet light. Some of these agents find special application where
control of tastes and odors are concerned, or where the volume of water to be
treated is not large.

Prechlorination is practiced in many modern water-treatment plants. Nu-
merous benefits result from the practice and in some instances it is a necessity,
especially where control of tastes and odors are involved in the treatment scheme.
In practice the chlorine may be added to the water before or with the coagulant,
Prechlorination may find special application in waters softened with lime.

Superchlorination is practiced at some plants where the water is heavily pol-
luted or contains taste-producing compounds. If the chlorine is added greatly in
excess of the chlorine demand of the water, dechlorination, usually with sulfur
dioxide or some of its derivatives, should follow to remove the surplus chlorine
before the water enters the mains.

Chlorination does not normally affect the industrial value of the water except
as it may affect the taste or odor.

ADJUSTMENT OF pH

Some adjustment of the pH of the water is usually necessary either during the
main treatment process or before the filter effluent enters the mains. Finished
water of too low pH will aggressively attack iron mains, resulting in the water
carrying in solution troublesome quantities of iron, and damage to the mains by
pitting and tuberculation. Lime or soda ash is usually used to adjust the pH of
the water so that it will not be corrosive. Carbon dioxide is also used to adjust
the pH of lime softened waters,

TASTES AND ODORS

One of the requirements of a good drinking water is that it be free of tastes
and odors. Tastes and odors do not seriously affect the industrial use of water
except in the food and beverage industries.

Tastesand odors in public water supplies may be divided into two general classes
--those caused by plant growths of the algal type and those that are due to sewage
andto polluting wastes from industrial plants suchas coke, gas works, oil refinery,
and cannery. The tastes and odors resulting from the growth and destruction of al-
gae are usually accompanied by those resulting from decaying vegetation, such as
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leaves, grass, and roots, and from bacterial slimes. The tastes and odors result-
ing from sewage and industrial pollution may be due to the tastes and odors of the
polluting substancesthemselves or may be produced as a direct resultof the pres-
ence of these substances in the water in the treatment process. These tastes and
odors may be described as organic, medicated, or phenolic.

Various methods areused in the prevention and elimination of tastes and odors.
Aeration is sufficient in some instances. Effective algicides are copper sulfate
and chlorine, the latter either in elemental form or as calcium hypochlorite. But
it must be emphasized that the growth of algae should be prevented or controlled,
for the tastes and colors resulting from too great a destruction of algae is often
worse than those produced by the algae in their life cycle. Activated carbon, usu-
ally added along with coagulants, is used at many plants. It may also be applied
to reservoirs. Heavy application’ of chlorine in prechlorination or superchlorina-
tion is used in preventing so-called phenolic tastes as well as those resulting from
heavy pollution. Ammonia, in conjunction with chlorine, also is used for the same
purpose. In recent years chlorine dioxide is finding increasing application in the
prevention and control of tastes and odors. (Aston, 1950.) The whole problem of
prevention and elimination of tastes and odors is complicated.

IRON AND MANGANESE REMOVAL

Surface-water supplies, generally, have very little iron in solution. Some
streams, however, receiving industrial wastes or acid mine drainage may carry
objectionable quantities of iron and manganese as well. Some surface waters con-
taining complex organic acids or substances may carry in solution considerable
quantities of iron.

Many ground waters contain considerable quantities of irondissolved from soil
and rock material by carbon dioxide in solution in the water, in the absence of ox-
ygen, as ferrous carbonate. Iron in solution as a resylt of oxidation of iron py-
rites is present as ferrous sulfate. Organic acids in ground water may contribute
to the solution of the iron. Many ground waters containing considerable quantlt:es
of iron frequently contain objectionable quantities of manganese.

‘The occurrence of irop in ground waters cannot be predicted with any degree of
certainty. Samples of water from wells of about the same depth and in close prox-
imity may differ decidedly in their iron content.

The principle of iron removal is simple but no single method may be entirely
satisfactory because of the presence of other constituents, such as organic matter,
manganese, and carbon dioxide. Iron in solution in the water in the ferrous con-
dition is oxidized by aeration to ferric hydrate, which settles out. Surface-water
supplies, because of natural aeration, require very little attention to iron removal.
The regular treatment that is given most surface supplies and the aeration incident
theretois generally sufficient to remove most of the iron. If the water is softened,
both iron and manganese are removed in the process. Some treated waters may
dissolve iron from the distribution mains and service pipes.

Aeration followed by settling, and filtration through sand or fine gravel, will
generally remove ironfrom most ground waters. Aeration notonly brings the iron
in water in contact with dissolved oxygen but releases carbon dioxide also, thus the
precipitation of the iron is hastened. Aeration and oxidation may be accomplished
by means of sprays, cascades, perforated trays, contact beds of coke, broken
pebbles, coal, or some such material.

Manganese is not oxidized as readily as iron and a method of treatment that
may be effectivefor iron removal may not be satisfactory for manganese removal.
Manganese may be oxidized by chlorine, and catalytic manganese dioxide (Zapffe,
1933) deposited on contact beds of coke, coal, crushed stone, and the like. Such
treatment followed by filtration effectively removes manganese. Carefully planned
treatment is necessary for satisfactory removal of both iron and manganese (Nor-
dell, 1951.)

Cation-exchange units will remove iron and manganese from waters provided
the iron and manganese are in the soluble reduced state, Any prior oxidation of
the iron before the water enters the exchange unit will result in the deposition of
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oxidized iron on the exchanger, thus interfering with its effective action. These
units are adaptable to the treatment of some well waters.

MUNICIPAL SOFTENING

Numerous data are available showing the value of the use of soft water and
softened water supplies relative to soap consumption (Olson, 1939). The savings
resulting from decreased soap consumption in many instances are sufficient to
pay for the cost of softening the whole supply. Savings from decreased soap con-
sumption is only one of the values resulting from the use of a softened public wa-
ter supply. Many industries require soft process water and would be attracted to
places where adequate supplies of such water are available.

The practice of softening of public water supplies is not new. (Baker, 1948.)
It might be said as far as this country is concerned that it centered at Columbus,
Ohio, because of the research carried on and the practices developed at the plant
at that city. (Hoover, 1927, 1928, 1943.) The practice of softening public sup-
plies has increased considerably since 1932. (Olson, 1945.)

A number of factors are involved in the proper selection of the method of soft-
ening water supplies, chief of which arethe physical and chemical characteristics
of the water and the extent of the reduction of the hardness. The softening pro-
cess involves the removal by chemical precipitation or cation exchange of those
substances inthe water, principally calcium and magnesium, that cause hardness.

The larger municipalities use lime or the lime-soda ash process in softening
their supplies. Lime is effective in removing carbonate hardness but soda ash in
addition to lime is usually used to remove noncarbonate hardness. Excess lime
servesthe same purpose as soda ash inthe excesslimetreatment process. These
methods of softening are used where the water generally requires filtration, vol-
ume demand is large, and competent technical supervision is provided.

Lime-softened waters are unstable (Hoover, 1942) being supersaturated with
the normal carbonates of calcium and magnesium, and require recarbonation to
prevent these carbonatesfrom crystallizing out onthe sand grains of afilter even-
tually destroying its effectiveness as a filter, or in the mains of the distribution
system, lessening its capacity. When excess lime is used in the softening pro-
cess, the softened water contains caustic alkalinity, and carbon dioxide is usually
used to neutralize the excess lime. Phosphates are also used in stabilizing lime-
softened waters.

The cation-exchange methodof softening (Streicher and Bowers, 1950) involves
the exchange of calcium and magnesium in the water for sodium in the exchange
material. The exchange material whenexhausted is regenerated with a solution
of sodium chloride (common salt). Sea water or natural brines are used at a few
plants. The operation of a cation-exchange softening plant requires less attention
and less expert control than a lime or lime-soda ash softening plant. It is adapt-
able to those supplies where the water is relatively free of suspended matter and
excessive quantities of iron and manganese and where the volume demand is not
generally large.

* It is not practical or desirable to soften a supply completely, althoughthisis
possible with a cation-exchange softener. At a few places this type of softener is
used in conjunction with lime softening, employing what is known as split treat-
ment. (Streicher, 1945.) Split treatment is used also in softening some ground-
water supplies. In this method of treatment a portion of a supply may be com-
pletely softened by cation exchange, and then raw water, unsoftened water, or
partially softened water may be mixed with it in such volume as to produce an ef-
fluent of a definite hardness.

Lime reducesthe quantity of dissolved solids in water inthe softening process;
soda ash and cation exchangers do not.

The equipment required in water-softening plants using lime approximates
that used in the filtrations plants of the rapid sand type. Greater facilities for
handling chemicals are needed; some means for the production of carbon dioxide
are required; and facilities for handling sludge are necessary. (American Water
Works Assn., 1949). Some plants are recalcining the sludge and reusing the
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lime or selling it for agriculture use.

Data in Water Supply Paper 658 in 1932 showed that of the 670 places in that
report, 40 were furnished with softened water, representing a total population of
4,065,000, 7.2 percent of the total population of the 670 places, and 3.4 percent
of the total population of the country. Data in table 11 of this report show that 171
places are furnished with softened water, representing a total population of
14, 506,000, or 16.5 percent of the total population of the 1, 315 places in this re-
port and 9. 6 percent of the total population of the country. Of the 670 places in
Water Supply Paper 658 and also in this report, 85 places now have softened sup-
plies. Thus 86 of the total of 171 places that have softened supplies are among
the 645 places in this report but not in Water Supply Paper 658. These 645 places
are small in population in comparison with the 670 places.

In this report the hardness of the public supplies thatare softened ranges from
less than 50 parts per million to about 150 parts. For many large supplies the
hardness ranges between 70 and 85 parts. About one-third of the total population
of the places in this report that receive softened water, receive water having a
hardness greater than 100 parts per million. Many laundries and industrial plants
require softer water than that furnished as public supplies and find it profitable
and necessary to further soften. Municipalities can well afford to give more at-
tention to softening of supplies to effect greater economies and satisfaction in the
use of the water.

FLUORIDES AND FLUORIDATION

It was discovered about two decades ago that fluoride in drinking water caused
the dental defect known as mottled enamel. (Churchill, 1931; Smith, Lantz, and
Smith, 1931.) Through much study and observation as a result of this discovery
the limit of fluoride concentration, below which mottling does not usually occur,
was fairly well established. (Dean, 1936.) It was observed also that the preva-
lence of dental caries in areas where mottled enamel was endemic was no greater,
in many instances less, than in areas where fluoride was not naturally present in
the water supplies. (Dean, 1938.) Further study and observations along this line
by Dean and his associates showed that there was a very definite relationship be-
tween fluoride in the water supplies and the prevalence of dental caries in the per-
manent teeth of children. (Dean, Jay, Arnold, and Elvove, 1941.) These and other
studies showed that fluoride concentrations of about 1.0 to 1.5 parts per million
in the water supplies, concentrations below which mottling of the enamel does not
usually occur, greatly lessened the incidence of dental caries in the permanent
teeth of children using the water. Other investigations showed also that fluoride
compounds topically applied to the tooth surfaces of children's teeth lessened the
incidence of caries (Knutson and Armstrong, 1943).

The results of these numerous studies and investigations naturally led to the

question of fluoridation of water supplies in orderto prevent or lessenthe incidence
of caries in the permanent teeth of children. Fluoridation has much support from
dental and health associations. (Amer. Water Works Assn., 1952). Inanews
release of June 1, 1950, Assistant Surgeon General Bruce D. Forsyth of the U.
S. Public Health Service, said:
" Artificial fluoridation of communal water supplies has been found to be effective
in reducing the incidence and prevalence of dental caries among children as does
water naturally containing fluorides. As a result of new evidence from its Grand
Rapids project where community water has been fluoridated since January 25,
1945, the Public Health Service has now altered its basic policy to read: 'Using
scientific methods and procedures, communities desiring to fluoridate their com-
munal water supplies should be strongly urged to do so' ".

The compounds now most generally used for fluoridating public water supplies
are sodium fluoride and sodium silicofluoride. Sodium fluoride is much more
soluble than sodium silicofluoride, but it is much more costly per unit weight.
Hydrofluosilicic acid is lessfrequently used, and hydrofluoric acid is rarely used.
Because hydrofluoric acid is highly corrosive, its application requires consider-
able care,
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The quantity of fluoride added tothe water supply is suchthat the concentration
as the fluoride ion generally ranges between 0.7 and 1.3 parts per million. The
quantity of fluoride ingested by an individual will dependuponthe gquantity of water
used by the individual and the fluoride content of the water. This quantity is fur-
ther related to climatic conditions and the characteristics of the individual as to
need for water. Some supplies may require only 0.7 part per million, whereas
others may require nearly up to the permissible maximum of 1.5 parts. (U. S.
Public Health, 1946.) The quantity of fluoride naturally present in the supply
must be taken into account in fluoridating the supply. Some fluoride is removed
by alum in the coagulation process in the regular treatment of public supplies
and a larger quantity if the supply is softened, therefore, the application of the
fluoride should be at such place in thetreatment scheme so as not to be removed.

The practice of fluoridation has gained considerable impetus inthe past 2 years
(1951-52). At thetime of the collection of most of the data on the supplies for the
places in this report about 70 supplies were being fluoridated or facilities were
under construction for fluoridating. However, since the collection of the data,
andas of the end of the year 1952, reliable statistics (Amer. Water Works Assn.,
1953) indicate that of the places in this report 155 were receiving fluoridated wa-
ter, representing a population of about 12 million people or about 14 percent of
the total population of all the places included in this report.

Table 17 shows the number of places and the population using water with dif-
ferent concentrations of fluoride from large public supplies at the time of the col-
lection of these data. The table shows among other things that about 85 percent
of the total population of the places in this report used water with a concentration
of fluoride in the range of 0.0 to 0.5 part per million. A population of about 7
million people used water with a concentration of fluoride in the range of 0.6 to
1.5 parts per millions. Such a range of concentration of fluoride will include
practically all those supplies that were being fluoridated at the time and in addi-
tion those supplies with natural fluoride of that range of concentration.

Table 17. --Number of places and population, in thousands, using water with dif-
ferent quantities of fluoride from large public supplies in the United States, 1952

iSurface supplies {Ground supplies| Mixed supplies | All supplies |Per-
" : t
Fluoride Popu- Popu- Popu- Popu- |C€M
(ppm) Places | 1.1i0n Places lation Places lation Places lation t(?tfal
<0.6 628 | 55,604| 368 | 10,661 117 8,538 1,113 | 74,803} 85.2
.6 -1.0 39 3,991 56 2,120 6 132 101 6,243] 7.1
1.1-1.5 10 412 16 302 3 52 29 766 .9
1.6 - 2.0 2| 34 9 164 -- -- 11 198 .2
2.1-3.0 1 65 5 149 -- -- 6 214 .2
>3.0 -- -- 6 136 - -- 6 136 .2
Not re-
ported 31 4,238 12 863 6 365 49 5,466| 6.2
Total Ti1 | 64,344| 472 | 14,395 132 9,087| 1,315 | 87,826|100

INDUSTRIAL TREATMENT OF WATER FROM PUBLIC SUPPLIES

The treatment that is given to a public water supply is planned primarily to
give a water that is safe to drink and that is free from pathogenic bacteria, with-
out too much regard for other uses of the water. The water maybe generally sat-
isfactory for most domestic uses, but many public supplies are far from satis-
factory for many industrial uses. The additional treatment that may be required
may range from almost nothing to that which includes sand filtration, softening,
and corrosion control.

BOILER FEED WATER

One of the common uses of water from public supplies is in steam boilers for
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the production of power and heat. Large boilers carrying high steam tempera-
tures and pressures require water of rather exacting standards of quality. Table
18 suggests quality-tolerance limits for boiler-feed waters.

Table 18. --Suggested water-quality tolerance for boiler-feed water a/

Allowable limits, in parts per million, for
indicated pressure in lb/sq. in.
<150 150-250 | 250-400 | > 400

Oxygen consumed............... 15 10 4 3
Dissolved oxygen b/............ 1.4 .14 .0 .0
Hydrogen sulfide (H,S) ......... c/5 c/3 0 0
Total hardness as CaCOy....... 80 40 10 2
Aluminum oxide (ALO,) ........ 5 .5 .05 .01
Silica (Si0y) ...vvvveeneenn... 40 20 5 1
Bicarbonate (HCOg) b/.......... 50 30 5 . 0
Carbonate (COy) .............. 200 100 40 20
Hydroxide (OH).......cvvveeen. 50 40 30 15
Total solids d/ ................ 3,000-500} 2,500-500| 1,500-100 50
Turbidity ........o0vvviennn.. 20 10 5 1
(0] ¢) [ 80 40 5 2
Sulfate-carbonate ratio

(A. S. M. E.) (Na,SO,:Na,CO,) 1:1 2:1 3:1 3:1
pH value (minimum)............ 8.0 8.4 9.0 9.6

a/Moore, E. E., Progress report of the committee on quality tolerances of wa-
ter for industrial uses: New England Water works Assoc. Jour., v. 54,
p. 263, 1940.

b/Limits applicable only to feed water entering boiler, not to original water
supply.

¢/Except when odor in live steam would be objectionable.

d/Depends on design of boiler.

The treatment of boiler water has received much attention generally. Details
on the metheds of treating water supplies for boiler feed, and on boiler-operating
practices are found in books and papers on the subject. (Brown, 1946; Betz,
1953).

SCALE, CORROSICN, EMBRITTLEMENT, FOAMING, AND PRIMING

Scaling in boilers and indirectly hardness in water supplies receive much at-
tention in the treatment of boiler-feed waters. Scale consists of mineral depos-
its on boiler surfaces; it is composed principally of compdunds of calcium and
magnesium with usually smaller quantities of other substances such as silica and
iron. Mineral matter in the boiler-feed water becomes greatly concentrated in
the boiler; slightly soluble substances precipitate, and under the influence of heat,
may be baked on the boiler surfaces as scale or carried as sludge in the boiler
water,

Scale formed as a result of carbonate hardness in the water is usually more
porous and less adherent than the scaleformed as a result of noncarbonate-hard-
ness minerals. Both may become hard and adherent because of the presence of
some cementing material like silica or from conditions prevailing in the boiler.
Silica scale, itself, is hard and adherent and of low thermal conductivity. Much
use is made of phosphate compounds in the treatment of beiler waters in scale
prevention and control. Silica may be removed by magnesium compounds in con-
junction with hot lime or hot lime-soda softening.

Corrosion would result in a boiler from the use of a water containing noncar-
bonate hardness caused by the chlorides and nitrates of calcium and magnesium
or by free acid. Such waters are rarely served to the public or used in boilers
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without treatment. Dissolved gases--oxygen, carbondioxide, ammonia--originally
present in the boiler water, in the returned condensate, or formed as a result of
the treatment, may corrode boilers. These gases may be removed by aeration or
by daerating heaters. Controlled "causticity" or hydroxide concentration inboiler
waters is important in the prevention of corrosion.

""Caustic embrittlement"” or cracking of the boiler plate, a controversial sub-
ject for many years, may result from maintaining too high a causticity inthe boil-
er water or from the use of waters containing considerable quantities of sodium
bicarbonate or carbonate either originally present or as a result of treatment.
It has been regarded by some as fundamentally due to poor boiler construction.
The development of the embrittlement detector by the U. S. Bureau of Mines has
facilitated the study of caustic embrittlement, (Schroeder and Berk, 1941.)

To prevent this type of failure, emphasis was formerly placed on the proper
ratio of sulfate to carbonate in the boiler water; later investigations, however,
have shown that the recommended ratios may not necessarily protect against em-
brittlement. (Berk and Schroeder, 1943.) Sodium nitrate and quebracho tannin
(Bureau of Mines, 1951) are successfully used to prevent this type of failure. 8i-
multaneous control of pH and of phosphate concentration in the boiler water may
prevent embrittlement and is applicable where the water is primarily evaporated
makeup or condensate.

Foaming and priming, associated activities in boiler waters, are attributed to
a number of causes, some of which may be in the structural design and operation
of the boiler itself. Foaming is generally attributed to too great a concentration
in the water of soluble compounds of sodium and the presence of finely divided
solids in suspension in the water. The standard method of controlling this condi-~
tion, although sometimes not the most economical, is by blowdown to reduce the
concentration of dissolved solids and to remove some of the sludge. Effective or-
ganic antifoaim agents, such as polymerized esters, alcohols, and amides, have
been developed in recent years. The insolubility of some of these agents in water
makes it necessary to disperse them withother agents in feeding. Priming is usu-
ally the result of careless operation of the boiler.

SOFTENING

Municipal supplies when softened with lime and soda ash may contain anywhere
from 25 to 100 parts per million or more of hardness. It is possible with the use
of the cation-exchange type of softener to produce a completely softened water.
However, for economical reasons this is rarely done in practice, except in the
split treatment or in conjunction with lime softening. Many municipal supplies,
even when softened, therefore, require softening for satisfactory use in boilers.
The methods of softening employed may be hot lime, hot lime-soda ash, hot phos-
phate, and cation exchange. The method selected depends upon a number of fac-
tors, chief of which are character of the water, volume of water required, fur-
ther treatment necessary after softening, and the conditions under which the boil-
ers are operated.

INTERNAL TREATMENT

The practice of introducing chemicals in the water within the boiler to condi-
tion the water or make its use possible is known as internal treatment. (Blanning
and Rich, 1934.) The practice began because of the inadequacy, in part, of the
lime-soda softening or because of no treatment at all of waters used in boilers.
Hardly any external treatment is adequate protection against scale formation of
some kind; therefore the necessity for internal treatment.

These boiler compounds are both inorganic and organic in composition. They
are used for the control of concentrations of carbonate and silica to prevent scale
formation, corrosion, and such. The phosphate compounds, for example, are
much used in the treatment of water that has already been softened with lime and
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soda ash, or not softened at all, to further soften it and to prevent the formation
of calcium scale in the boiler.
and starches are used in internal treatment. They are thought to have a dispers-
ing action on inorganic precipitates or to exert to some extent a coating action on
inorganic precipitates, decreasing their tendency to cohere and also adhere tothe

boiler surface.

Organic compounds such as tannin, lignin, agar,

Internal treatment may be used successfully where the water supply is only
moderately hard and the boiler is operated at a moderate pressure and not at too
high a rating. Internal treatment, ratherthan being a "cure all" for boiler opera-
tion difficulties, should supplement the rather thorough external treatment of the

boiler water,

WATER FOR INDUSTRIAL PROCESSES

The use of huge volumes of water by industry demonstrates the extreme im-
portance of water to industry, whether the water is used as an ingredient in the
production of other materials, as a cleansing agent, or for cooling. Each indus-
try requires a process water of characteristics peculiar to that industry, there-
fore, the requirements as to quality of process water are so varied that a water
or a method of treatment thatis entirely adequate for one process may not be suit-
(Nordell, 1951.) The following tables set forth some require-
ments as to both quantity and quality of water for a number of industrial uses.

able for another.

Table 18, --Industrial requirements for water a/

Water required

Water required

Item Unit (gal. per unt) Item Unit (gal. per unit)
Airplane engme ......... 50,000-125,000 | Milk:
Alcohol......... 100 Rece1ving station 180
Aluminum .. 160 Bottling works... 250
Aviation gas 7-10 Cheese factory .. 200
Brewing: Creamery....... 1,000 raw lb. ...... 110
Beer .......iiiinnnen 470 Condensery ..... 150
Whiskey .........onlln 80 Dry milk factory. 150
Buildings: General dairy. ... 340
Office ..........ouunnn b/27-45 | |Oil, edible ........ | gal. ......c.olinn 22
Hospital b/135-350 | |Oil field .... 100 bbl. crude . 18,000
Hotels................ guest room... b/350-525 || Oil refining ....... 100 bbl. . .vnennsnen 7,000
Laundries; Paper:
Commercial ........ 1b. "work" .. 4.3-5.1 Paper mill ...... 38,000
Institutional .. 1b. "work" 3 Pasteboard....., 14,000
Restaurants . .. | meal .... 0.5-4.0 Strawboard...... 26,000
Butadiene............... 1b. 180 Deinking ........ 83,000
Canning: _ Paper pulp:
APricots ............. N 8,000 Ground wood. ... .. 5,000
ASparagus ............ 7,000 . 85,000
Beans: 64,000
Green .............. 3,500 60, 000
Lima .. 25,000 /1
Pork and . 3, 500 0.1
Beets .. 2,500 2.4
COrN . oienennnrnnen 2,500 | |Smokeless powder.. 50,000
Grapefruit Soap factqries ..... o 2 g?)g
Juice....ivvniann.n 500 | |Steam power....... ¢/80, 000-1.
Sections ...... 100cases No. 2cans 5,800 | |Sugar fefmerics ... ’ "0.5
Peaches, pears . 6,500 || Tanning:
Peas ............. 2,500 Vegetable . . 18@:1b. raw hide.. .. 800
Pumpkin, squash 2,500 Chrome. ... 100 b, raw hide.... 800
Sauerkraut...... 300 || Textile:
Spinach .. 16, 000 Cotton:
Succotash ............ 12, 500 820
Tomatoes: 1,750
Products . 7,000 1,240
Whole - 750 300
[ton .... 750 3,400
100 tons . 360,000 30,00
1,000 lb. processed 18,000
in sloj . 800, 000 6,400
;:Enésp.. 1,000 bu. grain ’ 187000
Evaporato mashed 5,400
Distilling, molasses ..... 1,000 gal. 100 proof ,400 14,400
Distilling, cooling water. . 120, 000 4,800
Electric power .......... 80 Aniline black .. 15,800
Explosives . 100* Print works ..... 4,500
Gasoline. ... . 7-10 Finishing. .. 6
Iron ore {brown ore) ..... 1,000 Knit goods . .| 1b, bleached ....... 8
Meat: Rayon manufacture . 1,000 1b. produced. . 135, 000-160, 000
Packing house. .. 100 hogs killed .... 550 | | Rayon hosiery ..... 1,000 produced..... 9,000
Slaughterhouse 100 hogs killed .... 550 | |Woolens .......... 1,000 Ib. finished .. 70, 000
Stockyards . lacre .....ooeunnn 160

a/Jordan, H. E., Industrial requirements for water: American Water Works Assoc., v.

b/Per day.

¢/60, 000 for recirculating systems, 120,000 for nonrecirculating systems.

8, p. 66-67, 1946,
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Table 20, --Suggested water -quality tolerances a/
(Allowable limits in parts per million)

1 Manga- N Hydro-
'urbid- Hardness] Iron Total | Alkalinity |Odor,
Tndustry or use |y | €% |as caco,f (Fe) | [ |solids | as Caco, |Taste [(S5%, Other requirements b/
Air conditioning - -- --1¢/0.5 0.5 - - low 1 No corrosiveness, slime formation.
Baking 10 10 - ¢/.2 .2 - - low| .2} P.
Brewing:
Light beer 10 - -] g/ 1] s00 75| low .2| P. NaCl less than 275 ppm (pH 6.5-7.0.)
Dark beer i0 -~ --| g/t 1 |1,000 150 low 2| P Nﬂ(;l less than 275 ppm (pH 7.0 or
more).
Canning:
Legumes 10 - 25-75| g/.2 2 - - low 1 P.
General 10 -~ -1 ¢/.2 2 - - low 1 P.
Carbonated
beverages 2 10 250 2 2 850 50-100 low .2 [P, Organic color plus oxygen consumed
less than 10 ppm.
Confectionery - - --| ¢/.2 .2 100 - low .2| P. pH above 7.0 for hard candy.
Cooling 50 .- 50| c/.5 5 .- -] - 5 No corrosiveness, slime iormalion
Food: General 10 - | g/.2 2 -- - low -
Ice 5 5 - ¢/.2 2 - -- low - P §i0, less than 10 ppm.
Laundnring - -~ 50| ¢/.2 2 -- -- Te- -
Plastics, clear,
uncolored 2 2| --| ¢/.02 02| 200 — - -
Paper and pulp:
Groundwood 50 20| 180| ¢/1.0 .5 - - == ~-| No grit, corrosiveness.
Kraft pulp 25 15 100| ¢/.2 1 300 - -- --
Soda and sulfite 15 10] 100 ¢/.1 05 200 - - -
High-grade .
light papers 5 5| 50| ¢/.1 05{ 200 -- -- -
Rayon (viscose):
Pulp prodnction 5 5| 8| ¢/.05 03] 100 totai 50; -~ «=! AlLO, less than 8 ppm, Si0O, less than 25
hydroxide 8 ppm, Cu less than 5ppm.
Manufacture .3 -- 55 0 .0 - .- .- --| PH7.8t08.3,
ing 20 |10-100] 50-135] g¢/.2 .2 - total 135; - -
hydroxide 8
‘Textiles: General 5 20f -- .25 .25 - - - -
Dyeing 5 5-20) -] ¢/.25 .25{ 200 - -- --| Constant composition. Residual alumina
less than 0.5 ppm.
Wool scouring -- 70§ --| ¢/1.0 1.0 - - -- -
Cotton bandage 5 5 -~} g/.2 .2 -- -- low| -
a/Moore, E. W., report of the on quality tolerances of water for industrial ugses: New England Wnter Works Assoc.

Jour., v. 54, p. 3'" 1940.
b/P indicates thnt potable wnter, conforming to U. S, Public Health Service standards, is necessary.
¢/Limit given applies to both iron alone and the sum of iron and manganese.

Water that is used in the processing of foods and beverages must be safe for
drinking, that is, free of pathogenic bacteria. Water that is used in washing and
rinsing of food products prior tothe actual processing should be free of pathogenic
bacteria and other organisms that might subsequently cause food spoilage.

The most common improvement made ip water from public supplies for use in
industrial processes is softening. Softening may be accomplished by the methods
used for boiler waters plus any other treatment necessary to meet specific re-
quirements. Softening by cation exchange is practicable and profitable for laun-
dries.

Water used for baking should be free of substances that might produce unde-
sirable tastes, odors, and colors. Too much hardness in the water retards fer-
mentation processes, although some calcium is necessary for some yeast action,
and too little softens the gluten resulting in soggy bread. Water of zero hardness
is used in making certain bakery products.

The quality of the water used in brewing (Pozen, 1940) affects considerably the
final product. Waters low in alkalinity and comparatively high in calcium sulfate
are desirable. Moderate quantities of chlorides also seem to be beneficial. Wa-
ter used in the production of carbonated beverages should be free of suspended
matter, color, tastes and odors, iron, manganese, and must be low in alkalinity
because of the acid nature of the product. (Gullo, 1951.)

Process water for canning and freezing of foods should be free of tastes and
odors, color, organic matter, iron, and manganese. Hardness causes toughen-
ing of some foods, suchas peas and beans, and may cause deposits on others.
(Lancefield, 1938.)

Water used in the manufacture of ice should be free of iron, manganese, tastes
and odors, and should be low in dissolved solids. (West, 1944.) Calcium and
magnesium can be rather easily removed, but the remaining salts are almost as
troublesome as calcium. The use of demineralizing resins or distillation may be
resorted to in order to remove certain elements not removed in ordinary treat-
ment. The upper concentrations limits of minerals in water used in ice manu-
facture will depend to some extent onthe practices followed in the actual freezing
process itself.
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Process water used in the manufacture of textiles and fine paper should be
practically free of suspended matter, color, iron, and manganese. Iron and man-
ganese cause staining, andcolor may-be adsorbed resulting in an inferior product
(Miller, 1944). Hardness interferes in washing operations, dyeing of fabrics, and
in sizing of paper, although it is reported that some hardness is desirable in wa-
ter used for scouring of wool.

Corrosion and scaling would result fromthe use of many public water supplies
in cooling systems (Powell, 1948.) Corrosion may belessened by the adjustment
of the pH of the supply and the use of protective coatings for the pipes. Scalefor-
mation may be minimized by the use of organic inhibitors such as tannin or by
treatment with phosphates and silicates.

DOMESTIC TREATMENT OF WATER FROM PUBLIC SUPPLIES

The treatment given to public water supplies undoubtedly is receiving more
attention today than ever before. Domestic users and industry in general have
more or less indirectly demanded this increased attention totreatment. The san-
itary conditions of many streams and lakes are such that increased treatment of
the supplies is required to make them satisfactory as public supplies. Many pub-
lic supplies may be further improved by treatment for household use.

Hardness is objectionable in many public supplies and the installation of do-
mestic softeners is often desirable as a matter of economy and satisfaction in the
use of the water. The savings resulting from softening in decreased soap con-
sumption, smaller plumbing repair bills, and longer life of hot-water heating
equipment often more than pay for such equipment. Even where public supplies
are softened in very hard water areas it is often desirable to further soften them
in the home.

The cation-exchange type of softener is especially adapted for use in homes.
Low cost of installation and simplicity of operation, in some types automatic, are
attractive features, aside from the fact of being capable of delivering completely
softened water whichis so desirable in cleaning and laundering. The sodium cat-
ion exchanger in operation removes calcium and magnesium from the water in
exchange for the sodium in the exchange material. This reaction is reversible,
When the exchange material's capacity for softening is exhausted, it is regener-
ated bytreating the exchange material with a solution of sodium chloride{common
salt). Sodium from the salt solution is taken up by the exchange material and
calcium and magnesium are released. Excess salt solution is washed out and the
exchanger is ready again for softening. .

Where public supplies are not softened, softening or conditioning agents, such
as ammonia, borax, sodium carbonate, and such are much used in cleansing and
laundering in the home. Trisodium sodium phosphate under various trade names
is much used in this respect. Synthetic detergents, "soapless soaps', have re-
cently been developed and are finding special application not only in the home but
in industry as*well. These agents, in common with soaps, possess properties of
wetting, dispersing, and emulsifying, although they may not be equally effective
for all three purposes. They are produced in greater variety than soaps, more
specifically suited to an express purpose under a variety of conditions, are find-
ing ready markets, and are replacing soaps for many purposes. (Larson, 1949.)

Home equipment is available from plumbing establishments and manufacters
of water-conditioning equipment for control of corrosionin water pipes to prevent
"red water' troubles. Most of these are designed to raise the pH of the water
supply to make it less aggressive to metal surfaces.

Equipment or devices for elimination of tastes and odors may be used to some
extent in homes, although it is not generally practicable to do much in a home to
improve the taste or odor of a public supply.
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PUBLICATIONS

The following reports contain information relating to the quality of the surface
water of the United States and to the public water supplies of the United States and
of several States. The reports were prepared by the U. S. Geological Survey or
by the Survey with cooperating State agencies. Mostof the reportslistedare avail-
able for consultation in the larger public and institutional libraries. Copies of
Geological Survey publications, except circulars, still in print may be purchased
from the Superintendent of Documents, Government Printing Office, Washington
25, D. C., who will furnish lists and prices upon request. Publications out of
print are preceded by an asterisk. Circulars may be obtained free of charge on
application to the Director, U. S. Geological Survey, Washington 25, D. C., as
long as stocks are available.

WATER-SUPPLY PAPERS

658. The industrial utility uf public water supplies in the United States, 1932.
912, Industrial utility of public water supplies in Georgia, 1940,

942, Quality of surface waters of the United States, 1941.

950. Quality of surface waters of the United States, 1942.

970. Quality of surface waters of the United States, 1943.
1022, . Quality of surface waters of the United States, 1944.
1030. Quality of surface waters of the United States, 1945,
1047, Public water supplies in Eastern Texas.
1050, Quality of surface waters of the United States, 1946.
1069. Public water supplies in Central and North-Central Texas.
1070, Public water supplies in Southern Texas.
1102, Quality of surface waters of the United States, 1947.
1106. Public water supplies in Western Texas.
1132. (Parts 1-6) Quality of surface waters of the United States, 1948.
1133. (Parts 7-14) Quality of surface waters of the United States, 1948.
1162, (Parts 1-6) Quality of surface waters of the United States, 1949.
1163. (Parts 7-14) Quality of surface waters of the United States, 1949,

COOPERATIVE REPORTS

Public water supplies of Arkansas. Research Series No. 11, Univ. of Arkansas,
Bureau of Research, Fayetteville, Ark. 1947,

Public surface-water supplies in North Carolina, Progress report No. 1, North
Carolina State Board of Health, Raleigh, N. C. 1947.

Public ground-water supplies in North Carolina, Progress report No. 2, North
Carolina State Board of Health, Raleigh, N. C. 1949.

Public water supplies in Oklahoma. Oklahoma Planning and Resources Board,
‘(Division of Water Resources), Oklahoma City, Okla. 1951.

Circ. 287, Public and industrial water supplies of the Jackson Purchase Region,
Ky. -

Circ. 299. Public and industrial water supplies of the Blue Grass Region, Ky.

U. S. GEOLOGICAL SURVEY CIRCULARS

*197. The industrial utility of public water supplies in the East South Central
States, 1952.

*203. The industrial utility of public water supplies in the Mountain States, 1952,

*206. The industrial utility of public water supplies in the West North Central
States, 1952,
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DESCRIPTIONS AND ANALYSES OF PUBLIC WATER SUPPLIES
IN THE STATES WEST OF THE MISSISSIPPI RIVER

ARIZONA

AMPHITHEATER
(Population, 12, 664)

Ownership: (See Tucson.)

DOUGLAS
(Population, 9,442)

Ownership: Municipal; supplies also suburban area and can supply water to Agua
Prieta, Mex. (population, estimated 6, 000) in emergencies. Total population
regularly served, about 21, 000. .

Source: 6 wells. Five closely spaced wells, each 340 ft deep, near Phelps Dodge
Corp. smelter, 1 mile west of town; 1 well, 320 ft deep, in Overlock addition,
The yield of each of the wells is reported to be 1,000 gom. Three wells are
regularly used and the other three are held in reserve for emergencies. Most
of the supply comes from the main well field,

Treatment: None,

Storage: Elevated tanks, 900, 000 gal.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Main [Overloc Main [Overlock

well addition well addition

field @ well field well
Silica (8i0,) .ceorveens 21 27 Hardness as CaCOj:
Iron (Fe) .ccvenenens . .28, 07|  Total seeecescecceanne 25 176
Manganese (Mn)..... - --{| Noncarbonate...... 0 0
Calcium (Ca) ....eveee 6.2 41
Magnesium (Mg),,,,, 2.4 18 COlOT seeessssersscasnnne 0 0
Sodium (N2) ...oeueeee 325 46 pH...... ceeeesesenscarans 8.9 7.7
Potassium (K) ....... 2.8 3.0 |{Specific conductance
Carbonate (COy) ..... 21 0 (micromhos at
-Bicarbonate (HCO,) 130 239 25 C.)ueeneeneee 1, 600 530
Sulfate (SQ,) ..........| 183 55 Turbidity .ceceeeneenes - -
Chloride (C1)......... 288 14 Temperature (F. )... 76 73
Fluoride (F) ceeaveenns 3.2 1.0 ||Date of collection... |Sept.12, {Sept. 12,
Nitrate (NOy) ......... 1.8 12 1951 1951
Dissolved solids.....| 930 330

2 Composite.
FLAGSTAFF

(Population, 6;771)

Ownership: Municipal; serves also suburban areas. Total population served,
about 11, 000.

Source: Lake Mary (storage reservoir in Walnut Canyon, 8% miles southeast of
Flagstaff), Additional supply from spring flow and small amount of surface
runoff entering two 50, 000, 000 gal equalizing reservoirs north of city.

Treatment: Lake Mary supply: Coagulation with alum, activated carbon, sedi-
mentation, rapid sand filtration, chlorination, and final adjustment of pH
with lime. Spring supply: chlorination, Copper sulfate is added at times to
control algae,

Rated capacity of treatment plant: 1,700, 000 gpd.

Raw-water storage: Lake Mary, 8,000,000, 000 gal.

Finished-water storage: Equalizing reservoirs, 100,000, 000 gal.
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FLAGSTAFF--Continued

Finished water from Lake Mary supply enters the equalizing reservoirs during
periods of low consumption and is mixed with spring flow before use. About
two-thirds of the total supply was obtained from Lake Mary in 1950. The
proportion obtained from the two sources varies from year to year.

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Lake Mary Lake Mary Springs

(raw water) |(finished water) | (raw water)
Silica (Si0)) ....... crecsscreennes 4.4 2.7 15
Iron (Fé) .......... ceerreseasas 1.1 .16 .02
Manganese (MN) .coeeeveveerecnnens - -- -
Calcium (Ca) -+veeee 8.6 19 3.4
Magnesium (Mg). 3.7 4.2 .8
Sodium (Na)....... . 2.0 1.8 1.4
Potassium (K) ... vessssaranes 1.8 1.7 3.2
Carbonate (COy) ...ccvveeenn. cevenne 0 0 0
Bicarbonate (HCOy)......c.ccuuenu. 37 40 15
Sulfate (SO,h.eveeererreruvnrecerns 5.6 30 3.0
Chloride (ClI) ...cceevueiecnrerenene v 8 2.2 .8
Fluoride (F)....ccceu.... cesesensannes 3 .1 4
Nitrate (NOy) cecevvennrnenns ceevernnen .4 .3 1.9
Dissolved solidS ..icceeeeriecarnnes 67 88 36
Hardness as CaCOy:

Total .iivviirinanennes seenne 37 65 12
Noncarbonate ..c.ccceeevoscennans 6 32 0
COlOT cavnvviiniercnncrencnes rersasens . 55 4 3
PH.iiiiiiiiiiiincnneee [N 7.1 8.0 6.8

Specific conductance
(micromhos at 25 C.)...cceeneee 73.2 139 37.4
. 100 -- -
38 39 58
Feb. 5, 1952 | Feb. 5, 1952| July 31, 1951

GLENDALE
(Population, 8,179)

Ownership: Municipal; serves also suburban areas. Total population served,
about 12, 000.

Source: 5 wells (1 to 5) 1,710, 1,000, 700, 700, and 810 ft deep. The yield of
the wells is reported.to be 1,200, 700, 500, 350, and 600 gpm. Well 5 is
held in reserve for emergencies.

Treatment: Chlorination.

Raw-water storage: None.

Finished-water storage: 450,000 gal.

Partial analyses of samples indicate that the water from wells 2 and 4 is similar
in chemical composition to that of well 3; that from well 5 is high in dissolved
solids and nitrate,
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GLENDALE--Continued
ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Well 1 Well 2 Well 1 Well 2
Silica (SiOp) .evveenes| 21 23 Hardness as CaCO,:
Iron (Fe) coeeeeeerunes . .22 .00 || Total wereecrssnssnne 65 150
Manganese (Mn) ..... -- - Noncarbonate...... 0 36
Calcium (Ca) .ccvenes| 19 27
Magnesium (Mg).....| 4.2 | 20 COlOT sevesssnnerasosenss 2 2
Sodium (Na) ....... N1 PH.eeorereruveennerenees 8.1 7.8
Potassium (K) } 1 61 Specific conductance ’
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) | 85 138 25 C.)eceesroseranens 713 578
Sulfate (SO ...ceueess| 94 55 Purbidity «.eveeereeane - -
Chloride (Cl).........| 111 73 Temperature (F.)... 95 78
Fluoride (F) .......... .6 .6 ||Date of collection... {Sept.19, | Sept. 19,
Nitrate (NO) ......ec. 2.0 7.8 1951 1951
Dissolved solids.....| 420 334
DepPth (FEE) .u.eevereecrereieierrsieernnrernresesssanassesesaenans ceeeeees 71,7710 700
Diameter (inches) ...ccoecerverircniininnnnns ceereanenes crenes 16 16
Date drilled “cccecveceecrcenccnicincenennss erresssasenenssnssiassannscnane -- -

Percent of Supply ....cccccviinennnns corenne esenserinrreinas seessaceenee 40 20

GLOBE
(Population, 6,419) ‘

Ownership: Municipal; supplies also suburban area outside the city limits. Total
population supplied, about 7,900.

Source: 9 wells: 3 dug wells (1, 2, 3) 80, 235, and 80 ft deep near Pinal Creek 2
miles southeast of Globe, reported to yield 300, 500, and 300 gpm; 6 drilled
wells, most of which are south of town, 500 to 695 ft deep, reported to yield
250, 150, 169, 80, 280, and 70 gpm. Emergency supply, Old Dominion mine
(abandoned) controlled by Miami Copper Co., Miami, Arizona.

Treatment: Chlorination.

Raw-water storage: None.

Finished-water storage: 750,000 gal.

The dissolved solids in the water from the other wells ranges from about 275 to
near 500 ppm.
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GLOBE--Continued
ANALYSES’
(Analyses, in parts per million, by U. 8. Geological Survey)
Pine Pine
Well 1 | Street Well 1 | Street

Well Well
Silica (8i0p) ..evvvuune --1 28 Hardness as CaCO,:
Iron (Fe) ..eeveeereeee -- .00 || Total serscosreaseasee 166 182
Manganese (Mn) ..... -- -- Noncarbonate...... 16 0
Calcium (Ca) cevveeeeel 45 45
Magnesium (Mg).....] 13 17 COlOT seeersenssncannsens o 1
Sodium (Na) ....eeueee 30 4 ) QN -- 7.9
Potassium (K) } 1 Specific conductance
Carbonate (COy) ..... 0 0 {(micromhos at
Bicarbonate (HCO,) | 183 259 25 C.)uvrcnencnancens 423 510
Sulfate (SQ,) .eceevess| 46 23 Turbidity .cecceeaceenens _— -—
Chloride (Cl) scceueeed| 19 20 Temperature (F, )... - 71
Fluoride (F) .......... .4 .3 ||Date of collection... |spy, 12, [Sept. 11
Nitrate (NOy) .........| 5.8 9.2 1946 1951
Dissolved solids..,.. -- 1304
Depth (feet) .....ccociiiriiiiinreriireiirienrenerereeeenneererrseeesennenes
Diameter (inches).......c.ccccvrieviinnnnnnnnnnnneneeceennen, eereeearenns 96-122 533
Date drilled ........ccccceverceiinneeninenienreneeceessnaes - -
Percent of supply........ frerecreaseeecees ceetennsenns . 95 15

MESA
(Population, 16, 790)

Ownership: Municipal; serves also suburban areas. Total population supplied,
about 18, 000,

Source: 4 wells (4 to 7) 450, 500, 500, and 700 ft deep. The yield of the wells is
reported to be 1,800, 1,800, 1,900, and 2,100 gpm, respectively. Well 4 is
used for emergency service only.

Treatment: Chlorination,

Storage: 300, 000 gal.

Water from three continuously used wells is similar in composition to that from
well 5. Water from emergency service well is reported to be ‘considerably
higher in dissolved solids,

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Well 5 | Well 7 Well 5 Well 7
Silica (Si0y) .ceevveene 26 --||Hardness as CaCO,:
Iron (Fe) ......... .08 || Total seceeccseseecess 235 -
Manganese (Mn) ..... - --|| Nencarbonate...... 84 --
Calcium (Ca) ccoceeeee 58 _—
Magnesium (Mg)..... 29 | COlOT sesreresacrncaaneas 0 -
Sodium (Na) «eceerere] 146 —|[pH cereee 7.7 7.7
Potassium (K) ....... 4.0 --||Specific conductance
Carbonate (COy)..... 0 o|{ (micromhos at
Bicarbonate (HCO,) 184 186 25 C.)uereencoscanens 1,180 1,170
Sulfate (SQ,) «ceveeeree) 39 -] Purbidity ..eceeeevcenns -- -
Chloride (C) .........] 255 257|| Temperature (F. )... 65 65
Fluoride (F) c.evvene .0 __||Date of collection... |Sept.19, | Sept. 19,
Nitrate (NQ) ......... 2.9 - 1951 1951
Dissolved solids.....] 683 -
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MESA--Continued

Well 5| Well 7
Depth (feet) .uveveeeiieiiiniiiiiiiiiiieiirerriereceanens ceeeeeerrecnsnnne 500 700
Diameter (inches) .................. terteecereaareticareracesnsissnssnsns 20 20
Date drilled .......ccicvviiiieniniiiiiiiereiinisicisscascncscosorcenanen -- 1951
Percent of SUPPLY ...cciiiiiiiiiiiiiiiiiiieiii e seee e ireneaes 30 -
MORENCI

(Population, 6,541)

Ownership: The Morenci Water and Electric Company, Morenci.
Source: 2 dug shafts (interconnected) 460 ft deep and 1 drilled well 750 ft deep, all

in Eagle Creek canyon 4 miles east of Morenci. The water as pumped from the
wells is hot.

Treatment: Chlorination.
Storage: Reservoir, 4,000, 000 gal.

ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)

Storage Storage
Reservoir Reservoir
Tap Tap
Silica (Si0;) ..ovvvenrennnen 40 Hardness as CaCOy:
Iron (F€) ..vovvernvnrrnnnnes .ol Total voeeervrenncnecnneenens 140
Manganese (Mn) .......... . Noncarbonate ............ 0
Caicium (Ca) .............. 36
Magnesium (Mg) ......... 12 () 1) N 3
Sodium (Na) ............... 23 & (N 8.0
Potassium (K) ............ > 80 Specific conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 258 25 C.)everirnrnerennnnennnns 604
Sulfate (SO,) 25 Turbidity ....cocoecevnvenens --
Chioride (Cl) .. 48 Temperature (F.).......... 90
Fluoride (F) 3.2 || Date of collection ......... Sept. 12,
Nitrate (NOg) ..ouvevenennas .6 1951
Dissolved solids ......... 379
NOGALES

(Population, 6,153)

Ownership: Municipal; supplies also a small area in Mexico. Estimated total
population supplied, 6,500. System can serve as emergency supply for Nogales,
Mexico (Population, 30, 000).

Source: Wells and infiltration gallery along Santa Cruz River 6 mi. east of Nogales.

Treatment: Chlorination and ammoniation.

Rated capacity of treatment plant: --

Raw-water storage: None.

Finished-water storage: 1,000, 000 gal.

Analysis represents composite of water from all sources as furnished to consumers.



ARIZONA 55

NOGALES--Continued
ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)

Finished Finished
water water
(composite) (composite)
Silica (Si0,) ..vuvvvvneennns 26 Hardness as CaCQy:
Iron (F€) covererivennnnnnns .01 Total cocvvenninrecinnnnnnnns 214
Manganese (Mn) .......... -- Noncarbonate ............ 0
Calcium (Ca) ......uvvenes 68
Magnesium (Mg) ......... 11 COlOT vivinieinierenrnccnnnnns 3
Sodium (Na) ............... 34 1] - SN 7.8
Potassium (K) ............ } Specific conductance
Carbonate (CO,) .......... 0. (micromhos at
Bicarbonate (HCOy) ..... 278, 25 C.)evrrrnrererieennsnnaes 530
Sulfate (SO,) ..evevvevennne. 38 Turbidity ....coccevevvnrenns -
Chloride (Cl) ......cuveren 10 Temperature (F.)...ceeuu. 64
Fluoride (F) .c.cccuenenenen .4 Date of collection ......... Sept. 13,
Nitrate (NOg) .cucvvvrennnee 6.0 1951
Dissolved solids ......... 333
PHOENIX

(Population, 106,818)

Ownership: Municipal; serves also a large suburban area. Total population
served, about 156, 000.

Suburban Pump and Water Co., Phoenix, Ariz.; serves the suburban com-
munities of Sunnyslope and South Phoenix and other areas outside the
corporate limits. Estimated population served, 32, 000.

North Central Avenue Water Utilities Co., Phoenix, Ariz.; serves suburban
areanorthof Phoenix. Estimated population served, 10, 000.

Mariposa Water Utilities Co. ,Phoenix, Ariz.; serves suburban areas north
and northwest of the city. Estimated population served, 10,000,

Total population served, all supplies, 208, 000.

Source; Municipal; Verde River (Bartlett Reservoir) about 50 miles northeast of
Phoenix; 14 wells, all less than 100 ft deep and reported to yield a total of
3,000, 000 gpd, and one infiltration gallery along the Verde River near Fort
McDowell, 33 miles northeast of Phoenix, comprising the Verde system; 8
wells near Scottsdale, 11 miles east of Phoenix, each 500 ft deep and reported
to yield a capacity total of 20, 000, 000 gpd. Emergency supply, 12 wells, in
downtown Phoenix, all about 300 ft deep and reported to yield 18, 000, 000 gpd.

Suburban Pump and Water Co. 18 wells, 169 to 600 ft deep W1th a reported
average yield of 430 gpm.

North Central Avenue Water Utilities Co. 5 wells (1 to 5),300 to 506 ft deep,
with a reported average yield of 880 gpm.

Mariposa Water Utilities Co., Phoenix, Ariz. 10 wells (includes 1 standby
and 1 under construction, 1951), 200 to 600 ft deep with a reported aver-
age yield of 400 gpm,

Treatment: Municipal, Verde River; lime, coagulation with alum and ferric sul-
fate, activated carbon, sedimentation, rapid sand filtration, carbon dioxide,
and chlorination. Ground water, chlorination only.

Suburban Pump and Water Co. supply, chlorination.

North Central Avenue Water Utilities Co. supply, none.

Mariposa Water Utilities Co. supply, none.

Rated capacity of treatment plant: Municipal, Verde River, 30, 000, 000 gpd.

Raw-water storage: The city's right to withdraw water from Bartlett Reservoir
is by agreement with the Salt River Valley Users Association and amounts
available depend on storage in that and other reservoirs, and other factors.
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PHOENIX--Continued

Finished-water, or water as supplied to consumers storage: Municipal, reservoirs,
55, 000, 000 gal.
Suburban Pump and Water Co., two reservoirs, 325,000 and 525, 000 gal.
-North Central Avenue Water Utilities Co., reservoir, 300,000 gal.
Mariposa Water Utilities Co. 300, 000 gal (30, 000 gal pressure tank on each
well).

About 90 percent of the municipal supplies used in 1950 came from Verde well
fields and Bartlett Reservoir. The water treatment plant is located near Fort
McDowell.

Analyses: A, represents combined flow of water from surface water treatment
plant and Verde well field (infiltration gallery included). B, represents com-
posite of Verde system water and water from Scottsdale wells as supplied to
city at time of sampling. The Scottsdale wells furnish water of higher dis-
solved solids content and hardness than the Verde system. The dissolved sol-
ids for the Scottsdale wells is reported to range from 746 to 1, 560 ppm, and
the hardness, from 396 to 564 ppm. The dissolved solids for downtown
Phoenix wells is reported to range from 985 to 2,020 ppm, and the hardness
from 350 to 711 ppm. C, represents water from a well at 16th Ave. and
Purdue Ave. (Sunnyslope) of the Suburban Pump and Water Co. supply. '.Par-
tial analyses of samples from six other wells of this supply showed a range in
dissolved solids from'about 300 to 1,200 ppm. D, represents water from res-
ervoir pumped into by all the wells of the supply of the North Central Avenue
Water Utilities Co., E, represents water from Camelback No. 1 well, 7th Ave.
and Camelback Road, of the supply of the Mariposa Water Utilities Co. Most
of the other wells in this system yield water considerably higher in dissolved
solids than the one sampled.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
A B C D E
Silica (S10p) covsererereerres 17 24 27 27 25
Iron (Fe) ......... - .01 .01 .01 .03 .01
Manganese (Mn) .......... - _— -— - -
Calcium (Ca) ..covevveneens 40 52 82 M 45
Magnesium (Mg) .......... 22 28 36 56 41
'%%"és“?iéi“’mf;':::::::::::: 2 | m s |t o
Carbonate (COy) .......... 0 0 0 0 0
Bicarbonate (HCO) ...... 187 223 165 270 154
Sulfate (SO,) ...cocereraaene 64 88 82 123 43
Chloride (C1) ....cocevunenne 20 84 166 222 112
Fluoride (F) «c.oceevenenn.. .4 .6 .1 .6 .2
Nitrate (NOy) ..ceerevvne. 2.3 6.9 20 98 69
Dissolved solids ......... 290 473 567 887 475
Hardness as CaCOy:

Total..coovverencvercnncnns 190 244 352 422 281
Noncarbonate «+ceeeceeee 38 62 218 202 155
Color ........ O 5 4 4 3 . 2
52 - PR 7.7 7.8 7.8 7.9 7.9

Specific ccmdncta.nce
(micromhos at 25 C.) 473 790 985 1,490 813
Turbidity .ceeeeeeensseecenee - - - - --
Temperature (F,)........ 65 68 72 6 78
Date of collection ........ {Sept. 18, |Sept. 18, |Sept. 18, [Sept. 18, | Sept. 18,
1951 1951 1951 1951 1951
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PHOENIX-~Continued
C D E
Depth (feet) ................ PO PPPN . 376 - 580
Diameter (inches) .........c......t cresecssnrensnsesnsen 12 - 10
Date drilled .....c..ccoeen. cereaeeranne teverrereneranres ‘ _— - -
Percent of supply ......... eererseseetetiaasetortasenen - — _—
PRESCOTT

(Population, 6, 764)

Ownership: Municipal; supplies also suburban areas., Total population supplied,
about 14, 000.

Source: Surface system (25 percent of supply in 1950) includes one reservoir on
Hassayampa River about 5 miles south of Prescott, and two reservoirs on
Bannion Creek about 2 miles south of Prescott. Ground water system (75 per-
cent of supply in 1950) includes infiltration gallery on Granite Creek just north
of Prescott, and two wells in Chino Valley 15 miles north of Prescott. The
wells are 700 and 550 ft deep, and reported to yield 1,100 and 1,850 gpm, res-
pectively. More than 25 percent of the supply is normally obtained from the
surface system.

Treatment: (Surface system only) Prechlorination, coagulation with ferric chlo-
ride, activated carbon, sedimentation, slow sand filtration, postchlorination,
and ammoniation. Well supply, chlorination only.

Rated capacity of treatment plant: 1,700, 000 gpd.

Raw-water storage: Total 290, 000,000 gal, Hassayampa Reservoir, 21,500, 000
gal; Upper Bannion Creek Reservoir, 200, 000, 000 gal; Lower Bannion Creek
Reservoir (Goldwater Lake), 67,000,000 gal.

Finished-water storage: 4,500,000 gal.

ANALYSES
(Analyses, in parts per million, by U, S. Geological Survey)
Surface Surface
supplya| Well1 supply2 | Well 1
Silica (Si0p) «.eevvesee 17 72 _ ||Hardness as CaCO,:
Iron (Fe) .cccevecienans .05 .05 Total seeececsaacecece 136 104
Manganese (Mn) ..... - -- Noncarbonate...... 62 0
Calcium (Ca) .eveerees{ 33 25 g
Magnesium (Mg).....| 13 10 COlOT cersensnssscsssares 0 0
Sodium (Na) ........ o 11 17 PH eeeereeecesorssnennnnne 7.3 8.0
Potassium (K) ....... 7.4 4.2 ||Specific conductance
Carbonate (CO,) ..... -0 0 (micromhos at
Bicarbonate (HCO,) 90 151 25 C.)vesecrssesenene 330 260
Sulfate (SO,) «.ceveeees 69 6.6 || Turbidity..ccceeveurens -- --
Chloride (C1) .vvecese 13 7.0 Temperature (F.)... - -
Fluoride (F).. .2 4 Date of collection... [Sept. 20, |Sept. 20,
Nitrate (NO,) ......... 3.4 3.0 1951 1951
Dissolved solids.....] 207 219
Depth (feet) ....ceeeeveeennnae ceresesesnsnsensas eensesserecnnrannniessrensssacasnses 700
Diameter (inChes).....ccceeveeeeereierennnens ceesescertnstnsaetasrrsnsentasonananetnre 16
Date drilled ........ Cetere stececatiireteseeserenntterssnance prrsasnrsnsrane ceesescanne . -
Percent of supply ............. --

2 Finished water.
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TEMPE
(Population, 7,684)

Ownership: Municipal; serves also suburban areas. Total population served,
about 10, 000,

Source: 3 wells, one at Apache Blvd, and Hudson Manor (depth 420 ft), one at
College Ave. and S, P, R.R. tracks (depth 513 ft), and one (standby) at
College Ave. and Tth Street (depth 238 ft). The yield of the wells is reported
to be 2,400, 1,700, and 1,700 gpm, respectively.

Treatment: Chlorination,

Raw-water storage: None.

Finished-water storage: One reservoir, 1,000,000 gal,

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)
Well2. | wellb Well2 | wellb

Silica (SiOp) ...eeveees 28 27 Hardness as CaCOy:
Iron (Fe) ...oveeevnnras 14 C21)] Total weseeeseerncnces 264 389
Manganese (Mn)..... - --{| Noncarbonate...... 142 20
Calcium (Ca) .ceveere.| 60 95
Magnesium (Mg).....| 28 37 COlOT toarnvssssenneanses 0 0
Sodium (Na) .....c..ee| 115 259 pH....... cessssrnssessens 7.7 7.4
Potassium (K) ....... 5.0 5.2 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOy) | 150 450 25 C.)eeveessennonnes 1,110 1,910
Sulfate (SO .vovereree 52 103 Turbidity...ceeveee - -
Chloride (C})..ceu.es 238 338 Temperature (F. )... 71 65
Fluoride (F)....... .2 .2 ||Date of collection... [Sept. 19, Sept. 19,
Nitrate (NOg) ...... 2.8 14 1951 1951
Dissolved solids.....| 661 1,100
Depth (feet) cevrieviveiiiiiiiiiiiiiioriiiicniicnerereeresesese 420 513
Diameter (InChes)....c.oviiiiniiiieiieiiiiiiiieieconerones 20 20
Date drilled ....coccriiiiniiiiiiiiiiieitieniienrecrnencens vesseneenasien 1950 --
Percent of SUPPLY .evcvirniiniiiiniiiiiiriiiianininnenes tesessevansecnnnes +50 +50

a Apache Blvd. and Hudson Manor.
bCollege Ave. and R. R. tracks.

TUCSON
(Population, 45, 454)

Ownership: Municipal; serves also parts of the suburban communities of Amphi-
theater and Wakefield and other suburban areas, Total population served,
about 75, 000,

Suburban area (east and northeast of corporate limits of the city) served by
Vista Water Co,, Eastside Water Co., Polar Water Co., and Lansdale
Water Co., all owned by one local group. Each company has separate
wells and distribution system for the area it serves. Total population
served, about 19,500,

Source: Municipal; 20 wells, 200 to 510 ft deep in North Side well field; 16 wells,
118 to 476 ft deep in South Side well field. Only three wells in the North Side
well field are under 300 ft in depth, and only five in the South Side well field
are under 200 ft.

Suburban area; Vista Water Co. 2 wells, each 200 ft deep; Eastside Water

" Co. 7 wells, 210 to 339 it deep; Polar Water Co, 8 wells, 200 to 318 it
deep; Lansdale Water Co. 3 wells (depths not reported).

Treatment: Municipal supply, chlorination; private water-companies supply,
none.

Storage: Municipal, 5 reservoirs and 4 elevated tanks, 14, 200,000 gal; private
companies, elevated tanks, 100,000 gal.
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TUCSON--Continued
North Side plant serves area east of Park or Tyndall Avenues. South Side plant
serves area west of Park or Tyndall Avenues,
The analyses show reasonably well the composition of the water served by the two
well fields and the private companies in the respective areas of the city prop-
er and the suburban area designated.

59

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
South Side East Side
North Side |reservoir atfPolar Water| water Co.
plant 3 |oshorn & 18t CO- Well1 | well 2
STHCa (510, veversrersssrnnrosns 32 34 a7 28
Iron (F€)ireieeienicneesenisnsanee .00 .00 .00 .00
Manganese (Mn) ...oceeernennnens - - -- --
Calciuug [(oF ) RO, 40 65 34 29
gdz;g.nes?uﬁn)(Mg) creeeesennaes 6.5 14 6.0 5.2
odium (Na)....... crreersesasrnces
Potassium (K) ..ceveeerennenns . 33 8 26 20
Carbonate (COg) ...ceuvrurcnnnnee 0 0 0 0
Bicarbonate (HCOy).......... 166 253 157 139
Sulfate (SO,) seeeerereseerrrcaanses 39 129 17 9.4
Chloride (Cl)..ceveeeenennnenees 11 31 8.5 6.5
Fluoride (F) ..ccccveevecrnonnenee .3 .9 .3 .3
Nitrate (NOg) .vveereerrnerunenne 6.9 2.7 10 5.5
Dissolved solids ..cceceviennenns 255 484 210 177
Hardness as CaCO,:

Total cvvecrrceeerceneccecannanns . 126 220 110 94
Noncarbonate ....ccceeeavennse 0 12 0 0
Color....cccvuuneeee. ceereennensann 1 1 1 1
pH...... vennes [P 8.0 8.0 8.1 8.1

Specific conductance

(micromhos at 25 C.) «..... 382 736 320 264
Turbidity ...... secensrecsnnas - - -- -
Temperature (F.) ......... 80 76 80 84
Date of collection .ceeeveraannnee Sept. 14, | Sept. 14, Sept. 14, Sept. 14,

1951 1951 1951 1951
Depth (fet) ......cvviiiiiriiiiiieiriirecrer e 200 280
Diameter (inChes).........cccvvviuiiiinnieeiniiiciniesiocencnenes 8 12
Date drilled .......ccciiviiiniiiiieniinininrsinierncnreneoensenens 1937 1932
Percent Of SUPPLY ....cciiuiineeirrniriirenreneirnienienerneens - --
WAKEFIELD
(Population, 8,906)

Ownership: (See Tucson. )
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WINSLOW
(Population, 6,518)

Ownership: Atchison, Topeka, and Santa Fe Railway Co. ; supplies also suburban
area outside the city limits. Total population supplied, about 9, 000.

Source: Clear Creek (flow diverted into reservoir).

Treatment: Coagulation with alum and soda ash, activated carbon, sedimentation,
filtration, addition of polyphosphate (Calgon), chlorination, and ammoniation. ,

Rated capacity of treatment plant: 1,350,000 gpd.

Raw-water storage: --

Finished-water storage: 7,000, 000 gal.

The flow of Clear Creek is diverted into the reservoir 7 miles southeast of Wins-
low. The treatment plant is near the reservoir.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Raw [Finished Raw |Finished

water water water water
8ilica (Si0p) .veeveeees 7.3 6.3 [|Hardness as CaCOj4:
Iron (Fe) ...... .03 .03 Total weeeescrsesesens 231 221
Manganese (Mn) ..... - --|| Noncarbonate...... 55 38
Calcium (Ca) ....e....| 48 44
Magnesium (Mg)..... 27 27 COlOr ceeveceanenses seees 5 5
Sodium (Na) ..........| 329 343 PH ooriiniirsansnecsnnnes 8.1 8.4
Potassium (K) ..... . 4.0 3.2 ||Specific conductance
Carbonate (COy) ..... 0 7 (micromhos at
Bicarbonate (HCO,) | 215 210 25 C.)ueeeerennnnnens 2,090| 2,110
Sulfate (80,) ........ o 40 42 Turbidity ..oveeeenvenes ) - -
Chloride (C)).........; 525 525 Temperature (F.)... -- --
Fluoride (F) .......... .2 .1 ||Date of collection... | Aug. 1, |Aug. 1,
Nitrate (NO)) ......... 1.4 2.0 1951 1951
Dissolved solids..... 1,120 f1,110 .
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. YUMA
(Population, 9, 145)

Ownership: Arizona Edison Co, ; serves also West Yuma and other suburban
areas. Total population served, about 20, 000.

Source: Colorado River (direct diversion), Standby diversion facilities on Yuma
Main Canal.

Treatment: Coagulation with alum, copper sulfate added to control algae in set-
tling basins when needed, sand filtration (4 rapid and 3 slow sand filters), and
chlorination.

Rated capacity of treatment plant: 8,000, 000 gpd.

Raw-water storage: --

Finished-water storage: 1,000, 000 gal.

Flow in Colorado River at Yuma is regulated by large reservoirs, and the chemical
1uality of the water is nearly constant for long periods. Analysis represents
weighted-average concentration of dissolved matter in the river water as de-
termined by daily sampling of the Yur.1 Main Canal for the periodOct. 1, 1949
to Sept. 30, 1950.

ANALYSES

(Analyses, in parts per million, by U. 8. Geological Survey)

Colorado o
: Raw water Finished
(raw%l;gi er) (at plant) water
“Bilica (510, . 13 -- -
.05 .- --
Calcium (Ca) ceesectscsrcentrnsscanane 84 - -
Magnesium (Mg)...oeeueeenereerenne 27 -- --
Sodium (Na)........ceeenens veveronene 88 -- -
Potassium (K) ceceeveenrececennnen 2.9 -- --
Carbonate (COy) ........ 0 -- --
Bicarbonate (HCOy).......... . 163 161 155
Sulfate (SOp)...eeeersverer veeees 265 -- -~
Chloride (Cl)... 75 92 93
Fluoride (F).... . .3 -- --
Nitrate (NOy) ...... vevennees . 1.4 - - -~
Dissolved solidS ....cccveenenvsonens 637 -- -~
Hardness as CaCOj:
Total ceoveueenrencnnnnne cecrvsneenes 320 -- -
Noncarbonate .....eeeeresenncenens 187 -- --
COlor «ecunenncninaanee caseee sessacesce -- -- --
) s SO -- -- --
Specific conductance
(micromhos at 25 C. ).ccveeseens 985 1,070 1,070
TUrDIdity cveveerrenssas vorsee sovneees -- -- --
Temperature (F, ) cceereees ceserncen -- -- --
Date of collection «ceveeeennennen.. . 1949-50 |Sept. 17, 1951 [Sept. 17, 1951
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ARKADELPHIA, ARKANSAS
(Population, 6,819)

Ownership: Arkadelphia Water Co. (General Water Works Corp. ).

Source: Ouachita River,

Treatment: Coagulation with lime and alum, sedimentation, rapid sand filtration,
and chlorination.

Rated capacity of treatment plant: 700,000 gpd.

Raw-water storage: None,

Finished-water storage: 440,000 gal.

The treatment plant is located on the bank of Quachita River about 300 yd east of
Ouachita College athletic field,

Analyses of samples collected daily from the Ouachita River at Arkadelphia show
there is some variation in the chemical character of the water throughout the
year, but the dissolved solids is usually low.

ANALYSES
(Analyses, in parts per million, by U. 8. Geological Survey)

Raw |Finished Raw Finished

water @ | water water 2 | water
Silica (Si0y) ..eveees . 6.4 4.8 j|Hardness as CaCOQy:
Iron (Fe) cccveverennane .12 .05 Total seeesceees 29 59
Manganese (Mn) ..... -— .01 Noncarbonate...... 6 27
Calcium (Ca) ....uve.. 8.1 19
Magnesium (Mg)..... 2.1 2.8 |[COlorseeeceecrraseeanes - 6
Sodium (Na) ..e.euue . 4.2 3.0 ||pH..... veeseserseasaconne -- 8.6
Potassium (K) ....... 1.7 1.1 ||Specific conductance
Carbonate (COy) ..... 0 -- (micromhos at
Bicarbonate (HCOy) | 28 b3g 25 C.)ueurerenns 6.7 126
Sulfate (SO,) ...... 7.4 26 Turbidity ...ccce.. -- 2
Chloride (CI) ..ceuveee 4.1 3.8 || Temperature (F.)... -- 60
Fluoride (F) ceeeereees .1 .1 ||Date of collection... --| Dec. 4,
Nitrate (NO) ......... 1.4 1.1 1951
Dissolved solids..... 54 84

2Average of analyses of 10-day composites of daily samples collected at
Arkadelphia for the year October 1950 to September 1951,
bIncludes the equivalent of less than 5 ppm of carbonate (COj).

BATESVILLE
(Population, 6,414)

Ownership: General Water Works Corporation, Pine Bluff, Ark.

Source: White River.

Treatment: Aeration, coagulation with alum and lime, sedimentation, rapid sand
filtration, and chlorination.

Rated capacity of treatment plant: 1,000, 000 gpd.

Raw-water storage: --

Finished-water storage: 550,000 gal.

The treatment plant is on South Central Avenue near the river.

There is considerable variation in the chemical composition of the water through-
out the year. The analyses represent water of about maximum content of dis-
solved solids and maximum hardness.
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BATESVILLE--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw |Finished Raw |Finished
water water water water
Silica (8i0p) ..e.veneen 7.6 5.6 ||{Hardness as CaCO;:
Iron (Fe) ..ocoverarene. .68 .23 Total weeeerenceonnens 139 159
Manganese (Mn) ..... .00 .00 || Noncarbonate...... 5 38
Calcium (Ca)....... | 36 44
Magnesium (Mg)..... 12 12 caees 7 4
Sodium (Na) .......... 1.9 2.1 |[PHevveiiennnenn, 7.8 7.4
Potassium (K) ....... 1.4 1.2 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) | 164 148 25 C.)erierennenene 257 268
Sulfate (SO,) ....c..... 5.0 26 Turbidity ..cevevsenens 2 1
Chloride (Cl) ......... 2.8 6.0 ||Temperature (F.)... 39 40
Fluoride (F) .......... 1 .1 ||Date of collection... Nov.21, Nov. 21,
Nitrate (NO) ......... 2.4 2.7 1951 1951
Dissolved solids.....| 151 188
BENTON

Population, 6,277
Ownership: Municipal. (Population, 6,277)

Source: Saline River.

Treatment: Coagulation with lime and alum, sedimentation, rapid sand filtration,
chlorination, and ammoniation.

Rated capacity of treatment plant: 1,500, 000 gpd.

Raw-water storage: None.

Finished-water storage: 1,350,000 gal.

The treatment plant is at 417 Hazel Street.
Analyses of samples collected daily from the Saline River at Benton show there is

some variation in the chemical character of the water throughout the year, but
the dissolved solids is usually low.

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Finished Finished
vf::t:]r a water || “ii:’r 5| water
city tap) (city tap)
Silica (SiOp «eeveveee. -- 4.6 |/Hardness as CaCO,:
Iron (Fée) .ooeeviianenns - L12 Total wceeeeenees ceeen 57 61
Manganese (Mn) ..... - .00| Noncarbonate...... 6 21
Calcium (Ca)....... . 16 18
Magnesium (Mg)..... 4.1. 4.0 ||COlOT stersecrersananens . - 10
Sodium (Na) ...cereees 2.4 2.0 [IPH.eeoenraens verenssensne - 7.9
Potassium (K) ..... . - .7 ||Specific conductance
Carbonate (COy)..... 0 0 (micromhos at
Bicarbonate (HCO,) 62 49 25 C.)uervernrannonns 119 128
Sulfate (SO,) ...oevvsee 6.2 18 Turbidity ...ccceeeeeee - 2
Chloride (Cl) ceveueees 2.8 3.8 || Temperature (F.)... - 48
Fluoride (F) c.ceueenn. - ,2 ||Date of collection... -- | Dec.4,
Nitrate (NOy) ......... 1.5 4 1951
Dissolved solids.....| 75 79

2 Average of analyses of 10-day composites of daily samples collected from the

river at Highway bridge, 2 miles west of Benton for the year Oct. 1950-Sept. 1951.
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BLYTHEVILLE
(Population, 16,234)

Ownership: Blytheville Water Co.

Source: 3 wells (3 to 5), each 1,500 ft deep and reported to yield 1, 200, 1,800,
and 1, 800 gpm, respectively.

Treatment: Aeration (spray and contact beds), sedimentation, rapid sand filtra-
tion, and chlorination.

Rated capacity of treatment plant: 2,500,000 gpd.

Raw-water storage: None,

Finished-water storage: 850, 000 gal,

-

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Finished| Finished
Well 4 Watera Well 4 water2
Silica (Si0y) ..euvenees 10 9.9 |[[Hardness as CaCOQ,:
Iron (F€) ..ececececene. 2.6 .06 Total seeecesccccesece 27 27
Manganese (Mn) ..... - -—- Noncarbonate...... 0 0
Calcium (Ca) ..couueee 7.7 7.3
Magnesium (Mg)..... 1.9 2.2 ||COlOT sesecscsecesesnenes - -
Sodium (Na) .eeceneee 29 30 pH..... veses 6.6 7.6
Potassium (K) ..... . 3.4 5.1 ||Specific conductance
Carbonate (CQy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) 98 101 25 C.)ereencenee 189 195
Sulfate (SO,) ....ceuveue 11 10 Turbidity..... srenecnes - -
Chloride (C)) ......... 2.5 3.0 || Temperature (F.)... M 75
Fluoride (F) .......... .0 .0 ||Date of collection... | May 22, | Apr. 24,
Nitrate (NOy) ...... ves .8 .8 1950 1946
Dissolved solids.....| 118 118
Depth (fEet) .iuivivriiniereiniiniiiiiiiiiiiiiiie v e receceeseneiees 1,500
Diameter (INCheS).....c.cciveiieieiniiuiiiiiireiiniiireininareniernian 10
Date drilled ..iicciviiiviiireiiineiiisiiiiieiiiiissssesrasisesanosnssnrinas 1938
Percent of SUPPLY ..covvviiiiiiiiiiiiiiiiiii e se e aaas --
2Composite.
CAMDEN

(Population, 11,372)

Ownership: Municipal.

Source: Ouachita River.

Treatment: Aeration, coagulation with lime and alum, sedimentation, rapid sand
" filtration, and chlorination.

Rated capacity of treatment plant: 1,750,000 gpd.

Raw-water storage: --

Finished-water storage: 1,100,000 gal.

The treatment plant is located at end of East Washington St, The treatment plant
capacity will be increased by 1,500, 000 gpd within 9 months. Analyses of
daily samples collected from the Quachita River at Camden show some var-
iation in chemical character, but the dissolved solids is usually low.
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CAMDEN--Continued
ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)
Raw |Finished Raw Finished
water 2 | water? water?| water b
Silica (SiOp) .ceveneses 9.8 4.5 ||Hardness as CaCQ,:
Iron (Fe) ..ccocncensens .43 L1 Total seesescncecsnsce 26 53
Manganese (Mn)..... -- .00 Noncarbonate...... 5 28
Calcium (Ca) .coeunee 7.3 17 :
Magnesium (Mg).“" 1.8 2.6 ||COlOr cessceseccancen vase - 7
Sodium (Na) «.eceeneen 11 8.6 |[PH . crrerserse cresssassess 7.3 7.5
Potassium (K) ....... 2.0 1.3 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) 26 30 25 C.)ueervrecrnrenen 114 148
Sulfate (8Q,) .......... 6.1 23 Turbidity .cevesersoness -- 2
Chloride (C1) .c.euauee 17 15 Temperature (F.)... -- 62
Fluoride (F) .......... .1 .2 ||Date of collection... | 1946-47| Dec. 4,
Nitrate (NOy) ...... 1.7 .4 1951
Dissolved solids..... 81 92

2Average of analyses of 10-day composites of daily samples collected at
Camden for the year October 1946 to September 1947.
b City tap.

CONWAY

(Population, 8,610)
Ownership: Municipal,
Source: Cadron Creek.
Treatment: Coagulation with alum and lime, sedimentation, rapid sand filtration,

and chlorination,

Rated capacity of treatment plant: 1,500,000 gpd.
Raw-water storage: --
Finished-water storage: 1, 150 000 gal.

The treatment plant is located about 6 miles northwest of Conway. There is some
variation in the chemical character of the water throughout the year, but the
dissplved solids at all times is low.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Raw |Finished Raw  |Finished

water |water? water | water?
Silica (SiOp) ....coenee 7.6 6.5 ||Hardness as CaCO,:
Iron (Fe) .ooveeirncnens .25 .31 Total weereesecccsane 14 20
Manganese (Mn) ..... .00 .00 Noncarbonate...... 3 12
Calcium (C8) .coroeeee] 3.0 6.2
Magnesium (Mg)..... 1.6 1.2 ||Colorcecerecesecesasnces 27 5
Sodium (Na) .ccecevees 2.0 2.2 {|PHueoerreaccecsnncnncenee 6.6 6.9
Potassium (K) ....... 1.3 1.8 ||Specific conductance
Carbonate (CQ)) ..... 0 0 (micromhos at
Bicarbonate (HCO,) 13 10 25 C.)uveeensrnernnns 32.8 57.0
Sulfate (SO,) ...ceaesse 2.6 11 Turbidity ..cceeeeeenene 4 1
Chloride (Cl). 2.8 4.8 ||Temperature (F.)... 47 53
Fluoride (F) .1 .1 {|Date of collection... |Nov. 21, Nov, 21,
Nitrate (NOy) .ecveeeee 2.7 1.0 1951 1951
Dissolved solids..... 32 40

4 City tap.
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EL DORADO
(Population, 23, 076)

Ownership: El Dorado Water Co.
Source: 6 wells (2, 6 to 10), 160, 720, 725, 700, 718, and 737 ft deep. The yield
of the wells is reported to be 570, (well 6, not reported), 630, 1,050, 300, and

1,000 gpm, Wells 6 and 9 are for auxiliary or emergency supply.

Treatment: None.
Storage: 1,500,000 gal.

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Well 2 Well 10 (oells 1a

Silica (810,) ..ccvverrenrecrcnrences 40 10 18
Iron (Fe) .....ceue resrsssene sessesecaee 3.1 .02 .02
Manganese (Mn)...... cererrenerecene -- -- --
Calcium (Ca) ceeeseesecrsestncrcrsnces 7.4 2.2 4.0
Magnesium (Mg)...... cernenes vereens 3.8 .6 1.7
Sodium (Na)......... e, 9.5 106 102
Potassium (K) ..cccerveverennennennne 4.4 1.5 }
Carbonate (COg) ...ovvvrrnnnnns 0 9 4
Bicarbonate (HCOy)...... cevenseans 17 213 224
Sulfate (SO,)..cveureennens creeereeraee 20 .8 .8
Chloride (C)) ..... ceereceses rvevees v 18 36 33
Fluoride (F)...ceveverrenee verecserans .0 .1 .2
Nitrate (NOg) ...vevveeaneas reseeennees .1 it 1.5
Dissolved solids 114 275 286
Hardness as CaCQ,:

Total ......... sescesrecees vesessecens 34 8 17

Noncarbonate ...... cerers covearees 20 0 0

6.8 8.1 --

Specific conductance

(micromhos at 25 C. )..ceuveens . 133 454 --
Turbidity cooveeeicesiren v = == -
Temperature (F,).«... 65 74 --
Date of collection «cveevucennns Nov. 28, 1945 | Nov, 28, 1945 Feb. 15, 1950
Depth (feet) «.vevevenriirnenrernnennnen 160 737
Diameter (inches) ......c.ccocvvunnns -- 15-10
Date drilled ......covvvvviiniennninnnn 1926 1945
Percent of supply .............e.en -- --

4Analyzed by U. S. Public Health Service, Bethesda. Md.

FAYETTEVILLE

(Population, 17,091)

Ownership: Municipal; supplies also the communities of Combs, Farmington,

Greenland, and Johnson,

Total population supplied, about 20, 100,

Source: West Fork White River (impounded), two-thirds of supply; Clear Creek
(impounded), one-third of supply. Auxiliary or emergency supply, Wilson

Lake.

Treatment: West Fork White River: coagulation with lime and iron salts, sedi-

mentation, slow anthrafilt filtration, and chlorination.

Clear Creek: coagu-

lation with lime and alum, sedimentation, slow anthrafilt filtration, and

chlorination.
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FAYETTEVILLE--Continued

Rated capacity of treatment plants: West Fork White River plant, 2,000, 00C gpd;
Clear Creek plant, 1,000,000 gpd.

Raw-water storage: Not known. ’

Finished-water storage: West Fork White River reservoir, 3,750,000 gal; Clear
Creek reservoir, 1,000, 000 gal. )

West Fork White River treatment plant is located on Mount Sequoyah in Fayette-.
‘ville. Clear Creek treatment plant is 4 miles north of Fayetteville on
Johnson Road. The piants supply different sections of the city and the only
mixing of the finished water from the two sources is that which might occur
in the distribution mains.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water

(city tap)? (city tap)?
Silica (S10,) ....vevveanene. 5.2 || Hardness as CaCQy:
IEON (FE) wevvveeevereeennnns 220l Total civeveeiiiiiieennennne. 71
Manganese (Mn) .......... .00 Noncarbonate ............ 15
Calcium (Ca) .............. 26
Magnesium (Mg) ......... 1.5 || Color .......... cesesnreeieneane 5
Sodium (Na) ............... 3.1 JIPH ceerierncinienneincrnecnananns 7.3
Potassium (K) ............ 1.5 || Specific conductance
Carbonate (CQy) .......... 0 {micromhos at
Bicarbonate (HCQ,) ..... 68 25 C. )..... cesesriesnrnsnans 153
Sulfate (SO,) ..ocveveenrnens 12 Turbidity ...c...cccveevenennnn 1
Chioride (Cl) .............. 4.8 || Temperature (F.).......... 60
Fluoride (F) ....... cereeens .1 || Date of collection ......... Dec. 3, 1951
Nitrate (NOg) ..ccuovvuneene 4.0
Dissolved solids ......... 93

2 At U.S.G.S. laboratory, Bureau of Research, University of Arkansas.

FORREST CITY
(Population, 7,607)

Ownership: Municipal.

Source: 3 wells (1 to 3), 530, 502, and 530 ft deep, and reported to yield 450, 350,
and 750 gpm, respectively.

Treatment: Aeration, softening with lime, coagulation with lime and alum, sed-
imentation (upward flow cylindrical tanks), recarbonation, rapid sand filtra-
tion, and chlorination.

Rated capacity of treatment plant: 1, 0uv0, 000 gpd.

Raw-water storage: None.

Finished-water storage: 2,250,000 gal.
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FORREST CITY--Continued
ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

well 1 Well 2 F “(‘c‘ist];,efa“f)ater
Silica (810, ..evveercrncecncencens 24 27 22
Iron (F€) seeverrerrasiacennesenconcnns 1.7 1.2 .32
Manganese (Mn) .. . -- -- .00
Calcium (Ca) +---. 58 53 11
Magnesium (Mg)...ecoeenenn. 23 21 17
Sodium (Na)............ 6.7 11 12
Potassium (K) .cceeeeceeenreenrnnene 4.1 4.1 1.4
Carbonate (COg) ...cceuvenrnecransaas 0 0 7
Bicarbonate (HCOy)......... 297 287 106
Sulfate (SO).cucenieeeees 5.3 3.3 17
Chloride (Cl) .ccccvvcrverecnerceneres 6.0 7.0 5.0
Fluoride (F) ..cceceeeeneecnrececcenans .2 .0 .3
Nitrate (NOy) ..... seveseesae .5 .2 .3
Dissolved S0lidS .....ceeeveeenenee i 274 268 148
Hardness as CaCOj:

Total ceeevrnnnns O secsssannees . 239 219 97
Noncarbonate ...cecevenececescnens 0 0 0
COlOr ..cuvevervanes ceeen s ceeseens -- -- 7
 +) & S PPN 7.0 7.0 8.7

Specific conductance

(micromhos at 25 C.)..ecueeueen 407 359 219
Turbidity ceovuverncrcecs coveee vesaenes -- -- 2
Temperature (F,).«.ecoeeee . 64 64 52
Date of collection seeeeveenssesnen...| June 26, 1943 | June 26, 1946 | Dec. 26, 1951
Depth (feet) «..o.oevvvvniiiiinincnnnn. 530 502
Diameter (inches) ........c...cu.u.. 8 8
Date drilled .......ccvevvviiinniinnn 1937 1935
Percent of supply.....cccecivuennanns -- --

FORT SMITH

(Population, 47,942)

Ownership: Municipal; supplies also Alma, Camp Chaffee, Mountainburg, Van
Buren, and other communities. Total population supplied, about 72,300.

Source: Clear Creek impounded in Lake Fort Smith, approximately 22 miles
northeast of the city.

Treatment: Coagulation with iron salts and lime, sedimentation, rapid sand fil-
“tration, chlorination, and ammoniation,

Rated capacity of treatment plant: 9,000, 000 gpd.

Raw-water storage: Lake Fort Smith, 3,900,000, 000 gal.

Finished-water storage: 23,000, 000 gal.

The treatment plant is 1 mile north of Mountainburg.
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FORT SMITH--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey) N
Raw !Finished Raw Finished
water 2 { water D water2 | waterb
Silica (SiOp) ......... . 7.6 6.6 ||Hardness as CaCOy:
Iron (Fe) ceeeernrenecen .02 .20(| Total weesasencecsaese 14 29
Manganese (Mn) ..... -- .00|| Noncarbonate...... 0 11
Calcium (Ca) ......... 3.6 9.1
Magnesium (Mg)..... 1.3 1.6 |[COlOr-cecrocrerersecancee 10 20
Sodium (Na) ...eeeeee. 2.1 1.6 [[PH corererrnrnneneeenenes 6.8 .
Potassium (K) ....... .3 .4 [|Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) 18 22 25 C.)eecereseranencs 41,0 71.2
Sulfate (SOQ) vceoeeeee| 3.0 | 12 || Purbidity....ccccernees - 3
Chloride (Cl1) ceueneee 1.5 2.5 || Temperature (F.)... - 41
Fluoride (F).......... it .1 i|Date of collection... | July 27, | Dec. 27,
Nitrate (NOy) ......... 1.3 .8 1949 1951
Dissolved solids..... 31 59
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
{(ppm) (ppm)
Av|Max| Min| Av |Max| Min| Av |Max|Min | Av|Max|Min
Raw water......... 13| 20 916.7| 7.1} 6.3} 23| 29| 15 221152 3
Finished water...] 21| 34 | 13 {8.9| 9.4| 8.4] 48| 60| 28 0 0 0

2Collected at spillway, Lake Fort Smith,
bcity tap.

HELENA
(Population, 11, 236)

Ownership: Municipal; also supplies suburban area. Total population supplied,
12, 000.

Source: 3 wells (NW, NE, and SE), 493, 612, and 495 ft deep, and reported to
yield 750, 750, and 1,000 gpm.

Treatment: Chlorination,and Calgon and soda ash for corrosion control.

Rated capacity of treatment plant: 3,460, 000 gpd.

Raw-water storage: --

Finished-water storage: 1,550,000 gal.
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HELENA --Continued
ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)
NW well [Finished NW well |Finished

(raw water (raw water

water) [(citytap) water) |(city tap)
Silica (SiQy) ........ | 20 29 Hardness as CaCOq:
Iron (Fe) ....... coovens .57 .33]| Total seeeenreecnnes .- 46 42
Manganese (Mn) ..... - .00 Noncarbonate...... 0 0
Calcium (Ca) ...ocene. 12 10
Magnesium (Mg)..... 3.9 4.0 ||Colorseeieaninnncenaes — 20
Sodium (Na) ......... . 169 166 o) ; SURRSUIRNR U 7.4 8.0
Potassium (K) ....... 7.6 3.5 ||Specific conductance
Carbonate (CO,) ..... ) 0 (micromhos at
Bicarbonate (HCO,) | 294 358 25 C.)ueeresanncneens 999 749
Sulfate (SO,) .v.vuveeee .8 3.5 || Turbidity - 1
Chloride (Cl).........] g9 74 Temperature (F.)... 66 56
Fluoride (F).......... .8 .7 ||Date of collection... |June 27, |Dec. 26,
Nitrate (NOg) ..e...... 9 ‘8 1946 1951
Dissolved solids.....| 479 472

HOPE

(Population, 8,605)
Ownership: Municipal,
Source: 5 wells (1 to 5), 1,480, 620, 620, 620, and 1,500 ft deep. The yield of
the wells is reported to be 292, 147, 156, 340, and 250 gpm.

Treatment: Chlorination (average residual 0. 15 ppm).
Rated capacity of treatment plant: 1,800, 000 gpd.
Raw-water storage: None.
Finished-water storage: 786,000 gal.

. ANALYSES

(Analyses, in parts per miilion, by U. S. Geological Survey)

Well 1 Well -2 Well 3 Well 4 Well 5

Silica (Si0p) vveerrrnenrnnes 8.0 17 17 19 9.9
Iron (F€) ceiiieeiencnnnenenn .16 .18 .11 .25 .07
Manganese (Mn) .......... - - - - --
Calcium (Ca) ........co..e. 3.4 21 16 21 .8
Magnesium (Mg) .......... 1.2 3.4 2.9 4.0 1.9
Sodium (Na) .........c..... 419 115 124 107 444
Potassium (K) ............ 3.8 3.0 2.9 3.2 16
Carbonate (CQy) .......... 28 0 0 0 10
Bicarbonate (HCOy) ...... 517 267 260 264 549
Sulfate (SO,) ...... crreenaes 44 46 52 43 44
Chloride (Cl) .............. 292 36 41 31 320
Fluoride (F) cvevervvenrnnnn .3 .6 .4 .0 2.2
Nitrate (NOy) ..cevvvenenen .2 .0 .0 .0 3.6
Dissolved solids ......... 1,060 376 386 361 1,120
14 66 52 69 10
0 0 0 0 0
-- -- -- -- i
8.2 8.3 8.1 8.1 8.4
Specific conductance
(micromhos at 25 C.) 1,880 622 635 593 1,920
Turbidity ..ccvveeeennnnnen. -~ - -- -= -
Temperature (F. )., 100 78 78 78 98
Date of collection ........ Oct. 26, | Oct. 26, | Oct. 26,| Oct. 26, Mar. 27,

1945 1945 1945 1945 1951
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HOPE--Continued

Well 1 Well 2 Well 3 Well 4 Well 5

Depth (feet) ................ 1,480 620 620 620 1, 500

Diameter (inches)........ 8-6-4 8 8 10 12-8

Date drilled ............... 1918 1933 1933 1943 1956

Percent of supply ........ - - -] - -
HOT SPRINGS

(Population, 29,307)

Ownership: Municipal.

Source: 4 artificial lakes (Hot Springs, Dxlhon, Bethel, and Sanderson).

Treatment: Prechlorination, coagulation with alum and lime, sedimentation,
rapid sand filtration, and postchlorination.

Rated capacity of treatment plant: 6,000,000 gpd.

Raw-water storage: 4 lakes.

Finished-water storage: 1,200,000 gal.

i ANALYSIS

(Analysis, in parts per million, by U, S. Geological Survey)

Finished Finished
water water
(city tap) . (city tap)
Silica (Si0,) ..vevvereernan 4.5 || Hardness as CaCQy:
Iron (Fe) ...covvnverannenns .18 Total cevenveiniiniacnienenes 33
Manganese (Mn) .......... .00 Noncarbonate ............ 15
Calcium (Ca) ......cecuuee.. 11
Magnesium (Mg) ......... 1.3 [61) Lo} SN ceenee 7
Sodium (Na) ......cceeenees 1.7 HpH cervrererinininseinnnanecinies 8.8
Potassium (K) ............ .5 Specific conductance
Carbonate (CO,) .......... -- (micromhos at
Bicarbonate (HCOy) ..... a2 25 C.)evvernnrencinnes . 6.5
Sulfate (SO,) cvvvecerennre. 12 Turbidity ....ccocecenenns 2
Chloride (ClL) .......ceu.ue. 4.0 Temperature (F.)...... --
Fluoride (F) ....... —— .1 || Date of collection ......... Dec. 3,
Nitrate (NOg) veeveerennnens .0 1951
Dissolved solids ......... 50

2Includes the equivalent of less than 5 ppm of carbonate (CO,). -

JONESBORO
(Population, 16,310)
Ownership: Municipal; supplies also Nettleton. Total population supplied, about
17, 700.
Source: 5 wells (1, 2, Lamarr St.,
and 150 ft deep (depth not reported on Johnson St. well).

Culberhouse, and Johnson St. ), 132, 150, 215,
The yield of the wells

is reported to be 1,000, 800, 1,200, 1,100, and 900 gpm.
Treatment: Aeration, ammomatlon chlormation, and fluoridation.
Rated capacity of treatment plant: 6 000, 000 gpd.

Raw-water storage: --

Finished-water storage: Elevated tank, 1,500, 000 gal; ground reservoir,

1, 000, 000 gal.
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JONESBORO--Continued
ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Finished
Well 1 Well 2 Lamarr water
well .

(city tap)
Silica (Si0y) «.vveeeenen 26 26 32 27
Iron (Fe)... reresnsasracesaes .09 .15 .10 .06
Manganese (Mn) cesesntenansiees -- -- -- --
Calcium (Ca) .veveveecensennnonne 12 19 12 19
Magnesium (Mg) .............. 7.0 9.4 4.0 9.4
Sodium (Na).....coreerueerecssnen. 17 13 11 18
Potassium (K) .c.cececevececane . 1.8 2.9 1.4 1.6
Carbonate (CO,) .. . 0 0 0 --
Bicarbonate (Hco,) ..... - 62 96 64 g
Sulfate (SO,) s++++sseserreaserarsns 26 15 3.6 26
Chloride (Cl)..ceeererrcercarernes 14 13 9.5 18
Fluoride (F) .ccceevenrerecaceenes .0 .0 .0 .1
Nitrate (NO .cccourrrrvncnransans 2.8 .8 8.6 - 3.2
Dissolved solids ....... 141 150 122 165
Hardness as CaCO,:

Total cececvveasesnninceroecenens 59 86 46 86
Noncarbonate ...... 8 7 0 15
COlOT vesieraerersacesnes cannsnnacere -- -- -- --
 +) ; SO, 6.5 7.0 6.7 8.4

Specific conductance

(micromhos at 25 C.) ...... 211 230 165 2¢3
Turbidity c.coeeceerecerensnrescecnns -- -- -- b
Temperature (F.) ..... 61 61 60 --
Date of collection..cceeeees..... May 3, 1950 May 3, 1950{May 3, 1950/Apr. 25, 1946
Depth (feet) «weveerreereraniannnns 132 150 215
Diameter (inches) ..c..cccueneee 10 10 10
Date drilled ....cccoveennnneenens 1929 1929 1630
Percent of Supply «--:eeeveeeees - - --

2Includes the equivalent of less than 5 ppm of carbonate (COy).

LITTLE ROCK
(Population, 105,213)

Ownership: Little Rock Municipal Water Works. Supplies also Cammack Village,
North Little Rock, Park Hill, and other suburban areas. Total population
supplied, about 164, 700.

Source: Alum Fork of Saline River impounded in Lake Winona, 33 miles west of
the city. The watershed is uninhabited and lies almost wholly within the
Ouachita National Forest. Arkansas River, emergency supply.

Treatment: Coagulation with lime and alum, ammoniation, chlorination, sedimen-
tation, rapid sand filtration, alkali for the adjustment of pH, and fluoridation.

Rated capacity of treatment plant: 23, 000, 000 gpd.

Raw-water storage: Lake Winona, 13,500,000, 000 gal; auxiliary reservoir,

92, 000, 000 gal.
Finished-water storage: 10,200, 000 gal.

Raw water is delivered to the treatment plant, located in the city, by gravity flow.
The elevation of the treatment plant is such that the major portion of the dis-
tribution system is also served by gravity.
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LITTLE ROCK--Continued
ANALYSES
(Analyses, in parts per million, by U. 8. Geological Survey)
Raw [Finishe Raw Finished
water? | waterb water? | waterb
Silica (8i0,) .cevueeens 3.5 4.5 ||Hardness as CaCO,:
Iron (F€) c.overerensen. -- .14 Total weeecorcecoccens 11 18
Manganese (Mn)..... -- .00{| Noncarbonate...... 3 6
Calcium (Ca) ..opeeee] 2.4 4.5
Magnesium (Mg)..... 1.2 1.7 ||COlor eeereeceniransenns 35 12
Sodium (Na) ..eeeenns 1.0 2.1 [PH evvrerersranesnnenenes 7.1 7.1
Potassium (K) ....... - .4 ||Specific conductance
Carbonate (CO,) ..... 0 0 (micromhos at
Bicarbonate (HCO,) | 10 15 25 C. )evveerernnases -- 46,9
Sulfate (SO,) veeeeree. .0 4.9 || Purbidity...cceeenesen 10 1
Chloride (Cl) ......... 2.0 3.0 || Temperature (F.)... - 58
Fluoride (F) .......... .0 1.0 ||Date of collection... |Jan. 18, | Dec. 26,
Nitrate (NO,) ......... - .1 1951 1951
Dissolved solids.....| 25 31
) Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
(ppm) (ppm)
Av| Max{Min| Av |Max|Min| Av | Max{Min | Av |Max| Min
Raw water......... 7 10 5(16.5{7.216.1 10{ 18 8 14| 40 5
Finished water...| 14 22 818.3]19.717.0] 20| 30| 12 0 0 0

2 Analyzed by Little Rock Water Department,

City tap.

Ownership: Municipal.
Source: 4 wells (1 to 4), 435, 428, 410, and 425 ft deep, and reported to yield

320, 380, 468, and 500 gpm.
Treatment: Chlorination,
Rated capacity of treatment plant: 2, 000, 000 gpd.
Raw-water storage: None.
Finished-water storage: 811,000 gal.

MAGNOLIA
(Population, 6, 918)
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MAGNOLIA--Continued

ANALYSES

(Analyses, in parts per million, by U. 8. Geological Survey)

Finished water

Well 3 Well 4 (city tap)
Silica (Si0y) .uivrecreeerss crerareiees . 10 12 11
Iron (Fe) coeverennnnn verees .02 .08 .14
Manganese (Mn) ......... ceeseasrenns - - .00
Calcium (Ca) «eseessersoscnncacrnanes 8.8 5.6 7.8
Magnesium (Mg).......... 1.6 .8 1.8
Sodium (Na)....ccrererersnnne 69 86 75
Potassium (K) cccecererernenecenennee 4,5 1.9 2.1
Carbonate (COy) ..... teeereerrenses . -- -- 0
Bicarbonate (HCOy)...... 4192 4218 197
Sulfate (SOg).ccereecesrsnnsaass 18 8.9 16
Chloride (Cl)..... N ceesve 5.0 6.0 7.2
Fluoride (F)........ ceottrresetsasaras .0 .1 .2
Nitrate (NOg) ..ccvvreriercacacrenees . .2 .2 .8
Dissolved s0lids ..c.cvevneinnncenaes 215 230 224
Hardness as CaCO,:

Total cecvurerennnene DN 29 17 27
Noncarbonate .......... coescanenss 0 0 0
(01011} Y -- -- 7
o) ; SO DN 8.5 8.3 7.9

Specific conductance

(micromhos at 25 C. )..ccveeenee 338 359 348
Turbidity ....... cereeens tesuse sresenes -- -- 2
Temperature (F.) cceceererernrnnns -- 71 58
Date of collection ..c........... .o 720 17, 1946 | Nov. 8, 1950 | Dec. 4, 1951
Depth (feet) «vveeererinrenennnieannn, 413 425
Diameter (inches) .c.ecievvennnnnn. 12 8
Date drilled «oeoceercervenaennnns 1944 1951
Percent of supply ---eeeeeeevennnee -— -

2Includes the equivalent of less than 5 ppm of carbonate (co,).

(Population, 8,072)

MALVERN

Ownership: Municipal; supplies also a small number of people outside the city
limits. Total population supplied, about 8, 120.

Source: Quachita River.

Treatment: Coagulation with lime and alum, sedimentation, rapid sand filtration,

and chlorination.

Rated capacity of treatment plant: 1,200,000 gpd.

Raw-water storage: --

Finished-water storage: 960,000 gal.

The treatment plant is located on Front Street near Missouri Pacific Depot in

Malvern.

Analyses of composites of daily samples collected from the Ouachi-

ta River near Malvern show a variation in chemical character, but the dis-

solved solids is low,
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MALVERN--~Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw [Finished Raw Finished

water 3 | waterb water? | water
Silica (SiOg) ..eveeeese 7.5. 2.5 ||Hardness as CaCQj:
Iron (Fe) .cccevereenes .04 .18 Total weeescosessesses 29 41
Manganese (Mn)..... .00 .00|| Noncarbonate...... 1 18
Calcium (Ca) cccveenes 6.3 13
Magnesium (Mg)..... 1.5 2.1 ||COlOr eaccrereacernsence - 5
Sodium (N2} eeerveeres| 4.6 2.5 |[PH ceeereressrneessressns 7.4 7.4
Potassium (K) ....... 1.0 9 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCQOy) 28 28 25 C.)ueeeenresnocns 64.9 99.5
Sulfate (SO) .ceeeenee. 4.3 19 Turbidity ..ccoveeennees - 2
Chloride (Cl) «eeeeens. 2.6 3.2 ||Temperature (F.)... -- 46
Fluoride (F) cccoevnees .3 .1 ||Date of collection... | 1946-47| Dec. 4,
Nitrate (NOy) ..eueeeee 1.9 .6 1951
Dissolved solids.....] 48 61

dAverage of analyses of 10-day composites of daily samples from the Ouachita
River near Malvern for the year October 1946 to September 1947.
bcity tap.

NEWPORT
(Population, 6,254)

Ownership: Municipal.

Source: 3 wells (East 1, West 2, and 3) each 103 ft deep, and reported to yield
550, 500, and 1,600 gpm, respectively. White River, emergency supply.
Treatment: Aeration, coagulation with soda ash and lime, sedimentation, rapid

sand filtration, and chlorination.
Rated capacity of treatment plant: 1,450,000 gpd.
Raw-water storage: --
Finished-water storage: 450,000 gal.

The well field and treatment plant are located west of U. S. Highway 67 bridge,
three-fourths of a mile from the center of the city.
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NEWPORT --Continued
ANALYSES

(Analyses, in parts per million, by U. 8. Geological Survey)

Finished
East well 1 |West well 2 Well 3 water
(composite)
Silica (510)) ....... avasnesreoacns 36 26 34 34
Iron (F€).uievinnnns ceeeseserncnses 1.7 5.4 6.5 .50
Manganese (Mn) ...ceernrecorens - - .51 .00
Calcium (Ca).....ccouereen. 37 50 46 35
Magnesium (Mg) cooeiieniinans 8.2 10 11 9.8
Sodium (Na)....... sesecrocensacnne 13 28 8.7 8.6
Potassium (K) ...coceeeenerenrnas 1.8 1.6 2.0 1.9
Carbonate (COy) ...ceuruennennne 0 0 0 0
Bicarbonate (HCOy)........c.se0 162 203 178 135
Sulfate (SO‘) YT rre, ITTTTYTTN 5.1 12 8.6 9.5
Chloride (CI). ..coceveecnnss verenee 12 35 13 16
Fluoride (F) ...cccvevceceranrnens .3 .0 .1 .1
Nitrate (NOg) ..cousrncvccrnnenns .2 1.2 1.5 1.0
Dissolved solids ...c.ceevennenien 202 268 213 182
Hardness as CaCOy:

Total ..ccvvvirieeiiinrccnnnnsernas 126 166 160 128
Noncarbonate ........cveeeneee 0 0 14 17
(6101 1+ N — - 6 5
o) - caccoserasennes 7.5 7.9 7.0 8.1

Specific conductance

(micromhos at 25 C.) ...... 283 450 309 260
Turbidity ...eeeeecercecncens - -- 1 1
Temperature (F.) ..cccovveennee - -- 61 52
Date of collection...cceesereeeee|  Aug, 2, Apr. 5, Nov. 21, Nov. 21,

1946 1946 1951 1951

Depth (feet) .occveviicinrenennnnns 103 102 103
Diameter (inches) .............. 8 8 12
Date drilled .........cc..... 1930 1930 1950
Percent of supply ....ccouveueee. - - -

NORTH LITTLE ROCK
(Population, 44, 097)

Ownership: Supplied by Little Rock (see Little Rock. )

PARAGOULD
(Population, 9, 668)

Ownership: Municipal.

Source: 3 wells (1 to 3), 500, 505, and 507 ft deep, and reported to yield 1, 000,
900, and 900 gpm, respectively.

Treatment: Chlorination.

Rated capacity of treatment plant: 3,000,000 gpd.

Raw-water storage: --

Finished-water storage: 250,000 gal.
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PARAGOULD--Continued
ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water? water 2
Silica (Si0,) .eevevrvvrnenns 14 Hardness as CaCOQy:
Iron (Fe) ........ ceerssenes 1.0 Total sevveveienrerecannnnens 14
Manganese (Mn) .......... -- Noncarbonate ............ 0
Calcium (Ca) ......eveueee 3.2
Magnesiym (Mg) ......... 1.5 [/ Color ..... crerecssasesasesncate --
Sodium (Na) .....c..ceeeee. 63 1] - 8.2
Potassium (K) ............ 3.2 || Specific conductance
Carbonate (COy) ...ovene.. 9 (micromhos at
Bicarbonate (HCOy) ..... 162 25 C. )eeenennnoncns cesere 288
Sulfate (SO,) ..oeveeernenrns 1.4 || Turbidity ........... cevseases -
Chloride (Cl) .............. 3.2 || Temperature (F.)...... -
Fluoride (F) cveeeenennnne .1 || Date of collection ......... Apr, 25,
Nitrate (NO;) ..evvvenneens .8 1946
Dissolved solids ......... 183
AComposite sample, wells 1 and 2.
PINE BLUFF
(Population, 37, 162)

Ownership: General Waterworks Corp.
Source: 3 wells (8 to 10), 835-850, 838, and 835-850 ft deep, and reported to
yield 1,250, 1,000, and 1,050 gpm, respectively.
Treatment: Aeratmn, rapid anthra.fut filtration, sedimentation, polyphosphate
(Calgon) for corrosion control, and chlorination.
Rated capacity of treatment plant: 6,170, 000 gpd.

Raw-water storage: None.

Finished-water storage: Reservoir, 13, 000, 000 gal.

ANALYSES
{Analyses, in parts per million, by U. S. Geological Survey)
Finished
Well 8 ‘Well 9 Well 10 water

. |(con:posite)
Silica (810, ccecererverenrecarens 12 12 13 18
Iron (Fe).ueceriecrsesasnccasncanes 3.3 14 3.3 .64
Manganese (Mn) ....cececrnecienn -- -- -- .00
Calcium (Ca) .oeevreenennnane ceane 7.0 11 7.0 6.9
Magnesmm (Mg) [P o 2.3 3.3 2.2 2.7
Sodium (Na)...cceeeraes recacannne 12 - 11 14 13
Potassium (K) ..ccccevecnnnnnns 6.9 7.2 6.4 6.3
Carbonate (COy) ....cecuueeen 0 0 0 0
Bicarbonate (HCOy).........c.... 65 82 70 67
Sulfate (SO,) tssereersanccaceniacas 3.3 .6 3.1 4.2
Chloride (Cl). 2.8 3.0 2.5 2.8
Fluoride (F) . . .4 .4 .4 .3
Nitrate (NO,) vestesnsessoesenne .2 .2 .2 .1
Dissolved sohds 80 89 85 92
Hardness as CaCO,:

Total ..evverrencresececansacens . 27 41 26 28
Noncarbonate ..cec.cceeeececee 0 0 0 0




78 INDUSTRIAL UTILITY OF PUBLIC WATER SUPPLIES IN THE UNITED STATES, 1952

PINE BLUFF, Analyses--Continued

Finished
Well 8 Well 9 Well 10 water
(composite)
-- -- -- 6
. 7.9 7.9 8.0 6.8
Specific conductance
(micromhos at 25 C.) ...... 119 129 132 125
Turbidity ..ocevsveveriennnnnns - - - 2
Temperature (F.) .....coeeeeee. - - - "8
Date of collection...ceeenvaenns, Nov. 8, Nov. 8, Nov. 8, Dec. 26,
1945 1945 1945 1951
Depth (feet) ...ccoevvvviinennnnnn. 835-850 838 835-850
Diameter (inches) .............. 16 24-16-10 24-16-10
Date drilled ........oceeeeinnn 1938 1929 1945
Percent of supply .....ccevvnnnns - - -
RUSSELLVILLE

(Population, 8, 166)

Ownership: Russellville Water Co.

Source: Illinois Bayou.

Treatment: Aeration, coagulation with lime and alum,

rapid sand filtration, and chlorination.

Rated capacity of treatment plant:

Raw-water storage: None,

Finished-water storage: 743,000 gal.

1,400, 000 gpd.

Calgon, sedimentation,

The treatment plant is located about 5 miles north of the city, just off U. S. High-
way 64. There is some variation in the chemical character of the water during
the year but the dissolved solids is low at all times.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Raw |Finished| Raw Finished

water water water water
Silica (S10y) «eceuveree 6.3 4.5 [ Hardness as CaCOq:
Iron (Fe) ..cvvuveenn. . .25 L25)|  Total weeecscscsrerase 15 33
Manganese (Mn)..... .00 .00 Noncarbonate...... 3 19
Calcium (Ca) ......... 3.6 9.8
Magnesium (Mg)..... 1.4 2.0 || Color ceecscecsscnsaacen 30 12
Sodium (Na) ........ . 1.4 1.9 |[PH . corrieecncenscncnranns 6.8 7.1
Potassium (K) ..... . 1.0 .8 |[|Specific conductance
Carbonate (COy)..... 0 0 (micromhos at
Bicarbonate (HCO,) 14 17 25 C.)uereones vevenee 30.9 69.6
Sulfate (SO,) ..covvunne 2.4 15 Turbidity ..ocoveeeenees 3 5
Chloride (C)). . 1.8 3.0 || Temperature (F.)... 47 53
Fluoride (F) ........ . .2 .3 ||Date of collection... |Nov. 21,j Nov. 21,
Nitrate (NOg) ..vveeee 1.0 2.2 1951 1951
Dissolved solids..... 29 53
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SEARCY
(Population, 6,024)

Ownérship: Municipal; supplies also Bald Knob and Judsonia. Total population
supplied, about 9, 200.

Source: Little Red River.

Treatment: Aeration, coagulation with lime and alum, sedimentation, rapid sand
filtration, and chlorination.

Rated capacity of treatment plant: 2,000,000 gpd.

Raw-water storage: None.

Finished-water storage: 1,070,000 gal.

The treatment plant is 25 miles north of Searcy. Analyses of daily samples
collected from the Little Red River near Heber Springs show a variation in
chemical character of the water, but the dissolved solids is low.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Raw |Finished Raw |Finished

water water water water
Silica (8i0p) .......... 6.9 5.7 |/Hardness as CaCOj:
Iron (Fe) ...cuueueu.e. .13 .41 Total seececveecenesn 20 50
Manganese (Mn) ..... - - Noncarbonate...... 5 28
Calcium (Ca) ......... 5.2 17
Magnesium (Mg)..... 1.6 1.8 || COlOor ceesersnerecnnaanes 27 4
Sodium (Na) ........ . 1.5 1.5 ||PH evereieeiiiiiiinencnnas 6.9 8.8
Potassium (K) ..... . .8 .8 ||Specific conductance
Carbonate (COy) ..... 0 4 (micromhos at
Bicarbonate (HCOy) 18 18 25 C.)eerenennncarens 42.0 108
Sulfate (SO,) .......... 3.9 22 Turbidity .cceeerneenes . 2 1
Chloride (Cl) ......... 2.0 4.5 || Temperature (F.)... 45 45
Fluoride (F) .......... 1 .1 ||Date of collection... |Nov.21, [Nov. 21,
Nitrate (NOy) ....... . 1.8 1.2 1951 1951
Dissolved solids.....| 34 70

SPRINGDALE
(Population, 5,835)

Ownership: Municipal; supplies also suburban area. Total population supplied,
about 5, 950.

Source: Shiloh Spring. Emergency supply, lake fed by spring.

Treatment: Coagulation with alum and lime, sedimentation, rapid anthrafilt fil-
tration, and chlorination.

Rated capacity of treatment plant: 1,150,000 gpd.

Raw-water storage: --

Finished-water storage: 585, 000 gal.
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SPRINGDALE--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Raw [Finished Raw [Finished

water water water water
Silica (SiQ)) ........ . 9.9 9.9 ||Hardness as CaCQj:
Iron (Fe) cceveerrnenns .05 .21 Total seeeecccecaecans 104 115
Manganese (Mn) ..... .00 .00 Noncarbonate...... 20 22
Calcium (Ca) ....... o 37 41
Magnesium (Mg) ..... 2.9 3.1 ||Coloracssuesaniiuisaeane 16 8
Sodium (Na) .. 5.4 5.4 |[PH coreccsiceairsnnnnnnes 7.0 7.7
Potassium (K) 1.2 1.3 ||Specific conductance
Carbonate (CQy) ..... 0 0 (micromhos at
Bicarbonate (HCQy) | 103 114 25 C.)vacrersnosnnnes 220 244
Sulfate (SQ,) .......... 7.4 7.7 || Turbidity .cccovuveeeees 8 9
Chloride (C)) ......... 8.5 9.8 |/ Temperature (F.)... 59 60
Fluoride (F) ...u...... .2 .1 ||/Date of collection... |Dec. 6, Dec. 6,
Nitrate (NO,) ......... 13 14 1951 | 1951
Dissolved solids.....| 146 157

Regular determinutions at treatment plant, 19512

Alkalinity Hardness
as CaCO, pH as CaCOQ, Turbidity
(ppm) (ppm)
Av |Max| Min| Av|[Max|Min | Av | Max| Min| Av | Max| Min
Raw water......... 100|150 45/7.1 | 7.2| 6.9)115 | 154 52 -- - --
Finislied water...| 105|154 50{7.7 | 7.8] 7.4]133 | 162 72 0 o o
2 Year ending Nov. 30, 1951
STUTTGART

(Population, 7, 276)
Ownership: Municipal.
Source: 3 wells (1 to 3), 125, 125, and 850 ft deep. The yield of the wells is re-
ported to be 400, 200, and 1, 100 gpm.
Treatment: None.
Storage: 265,000 gal.

ANALYSES
(Analyses, in parts per million, by U. 8. ‘Geological Survey)
3 wells
Well 1 Well 3 (con:posite)

Silica (810 «weeeeeeeeeen ereesnanes 24 1.0 28
Iron (Fe) ciuvcieiinnceenrecasosencsnes 1.1 2.8 .74
Manganese (Mn) .. -- -- .02
Calcium (Ca) +vse+e . voss 55 28 72
Magnesium (Mg)...c.cccenneeneennene 12 12 17
Sodium (N2).ciceeerareraresenncresenne 27 32 28
Potassium (K) ..ceeveencernrenneennes 1.6 7.0 1.2
Carbonate (CQ,) ....... 0 0 0
Bicarbonate (HCO,). . 266 190 326
Sulfate (SO.)...cesee.... 16 1.8 23
Chloride (C1) ..cccvvvrreenennnncneones 8.5 28 14
Fluoride (F)....cccevua.. cecasearesacas .1 .0 .2
Nitrate (NOy) ..eoceucenrneeenrannnee .0 .2 .1
Dissolved SolidS .....ccceeurneene. 279 213 348
Hardness as CaCO,:

Total .......... crersersuenarenticas . 187 119 250

Noncarbonate ............eeeesesn. 0 0 0
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STUTTGART, Analyses, --Continued

3 wells
Well 1 Well 3 (composite)

COlOT ...euiernrrnreccuenosascaceesennee -- - 10
3] SO cescsseseannssene 7.6 8.1 7.4
Specific conductance

(micromhos at 25 C.)..cceuereee 438 387 540
Turbidity c.eveereerenns revercnenenas - -- 2
Temperature (F, ).«-... creesenenens . -- -- 48
Date of collection «ceeeveeeennnnn..o|JULY 17, 1946  |July 17, 1946 Dec. 26, 1951
Depth (feet) ..oeocevevrererirerernnes 125 850
Diameter (inches)....... -- 6
Date drilled ...coevvviviernniiiinnnnes -- 1946
Percent of sSupply ..c.cceeeniieninans -- --

TEXARKANA
(Population, 40, 628; 15,875 in Arkansas)

Ownership: Municipal; supplies also suburban areas. Total population supplied,
about 42, 628.

Source: 3 well fields and 1 impounding reservoir: Arkansas Station, 22 wells
ranging in depth from 40 ft to 50 ft; Texas Station, 12 wells ranging in depth
from 40 ft to 50 ft; Bringle Station (used for emergency), 6 wells each about
37 ft deep; and Bringle Lake (Clear Creek impounded).

Treatment: Wells: aeration, alkali for adjustment of pH, and chlorination. Lake:
prechlorination, coagulation with lime and alum, sedimentation, rapid sand
filtration, postchlorination, and carbonation at times.

Rated capacity of treatment plant: 3,075,000 gpd.

Raw-water storage: --

Finished-water storage: 4, 000,000 gal.

The Arkansas Station well field is near East 9th St. and Jefferson Ave,;
Texas Station is about 1 mile west of Texarkana; Bringle Station, 6 miles
northwest of Texarkana; and the impounding reservoir, at Bringle Station

well field.
ANALYSES
(Analyses, in parts per million, by U, 8. Geological Survey)
Raw Arkansas Station [ Finished | Finished
water? Raw  |Finished | yaterb water®
water water .

Silica (Si0p) .evreneerensenes 5.1 38 36 26 36
Iron (Fe) cecevereennnnnceens .03 .48 .19 .01 .11
Manganese (Mn) .......... -- .05 .01 -- --
Calcium (Ca) .............. 9.3 7.6 17 2.4 16
Magnesium (Mg).......... 2.7 5.1 5.6 1.2 4.4
Sofium (Na) .....ceeevrenen 5.9 19 20 7.4 19
Potassium (K) . ....c...... 4.2 2.5 2.6 2.5 2.8
Carbonate (CQy) .......... 0 0 16 0 0
Bicarbonate (HCO;)...... 34 31 18 10 55
Sulfate (8O,) ...cecoernanene 3.0 5.6 5.7 3.0 2.0
Chloride (C)) ..... e . 14 33 36 8.0 317
Fluoride (F) ...... .2 .1 .1 .0 .2
Nitrate (NOQ) ....cuuveene. .5 12 13 9.4 2.5
Dissolved solids 68 151 176 71 149
Hardness as CaCQ,: -

Total ceueueerarnnnaaennnnn 34 40 65 11 58

Noncarbonate ««seeececes 6 14 24 3 13

aBringle Lake, bTexas Station. € Bringle Station.
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TEXARKANA, Analyses--Continued

Arkansas Statio
Raw a R:w Fitnislhgd Finished | Finished
water water water water b water ©
(9701 1 ) N -- 5 8 - -
PH ciiiiieiniiieiininenns 6.6 5.8 9.1 5.6 6.6
Specific conductance ’

(micromhos at 25 C.) 115 199 235 64.0 220
Turbidity ..cocvceveanriannns == 2 4 - -
Temperature (F.)........ -- 66 65 - -
Date of collection ........ Bept. 22, | Dec. 4, Dec. 4,|Sept. 22, Sept. 22,

1943 1951 1851 1943 1943
2 Bringle Lake. b Texas Station. C Bringle Station.
VAN BUREN

(Population, 6,413)

Ownership: Supplied by Fort Smith. (See Fort Smith. )

WEST HELENA
(Population, 6,107)

Ownership: Municipal; also supplies about 1, 000 people outside the city limits.
Total population supplied, about 7, 100.

Source: 3 wells (4 to 6) 621, 623, and 621 ft deep. The yield of the wells is re-
ported to be 750, 250-300, and 750 gpm.

Treatment: Aeration, addition of lime, sedimentation, rapid sand filtration, and
chlorination.

Rated capacity of treatment plant: 1,000,000 gpd.

Raw-water storage: None,

Finished-water storage: 365,000 gal.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Wells Wells
Well 5 [(finished Well 5 (finished
water) water)
Silica (8i0,) ..ceeennes 15 29 Hardness as CaCOj:
Iron (Fe) cevcevncnennns .33 .20 Total wesssocseecsane 116 115
Manganese (Mn) ..... - .00l Noncarbonate...... 0 0
Calcium (Ca) .covveeee| 31 28
Magnesium (Mg)..... 9.4 11 ColoT sererranees - 10
Sodium (Na) ..eceeeees 163 168 4] ; ST 7.5 7.8
Potassium (K) ....... 6.5 6.9 |/ Specific conductance
Carbonate (CQy) ..... 0 0 (micromhos at
Bicarbonate (HCQ,) | 542 536 25 C.)uvencescrecnnns 980 843
Sulfate (80,) ..ceeveeen .8 2.0 ||Turbidity..ccceeveees . - 2
Chloride (Cl)... . 24 34 Temperature (F.)... 67 62
Fluoride (F).......... .0 .0 (|Date of collection... [June 27, [Dec. 26,
Nitrate (NQ,) ......... .2 1.5 1946 1951
Dissolved solids.....| 526 540
Depth (fEet) .iccerirerereriiiriririrracesncaciarenecncsonses cereseres cereenes 623
Diameter (inches) ........cvevervnnenes vereeeieairanes terrasieserersnresnns 26-10
Date drilled ..ccceiceveveiiiaiericsionererssrrnccscsoesrecsvesse srecnsencnes 1936
Percent of SUPPLY «eiceviiiiirieieriarccniiiercancnncanssasccrersasonsenses -




Ownership: Municipal.
Source: 3 wells (1 to 3), each 1,509 ft deep. The yield of the wells is reported
to be 300, 800, and 1,500 gpm,

Treatment: None,
Storage: 400, 000 gal.

(Analyses, in parts

ARKANSAS

WEST MEMPHIS

(Population, 9,112)

ANALYSES

per million, by U. S. Geological Survey)

83

Well 1 Well 2 Well 1 Well 2
Silica (SiOp) ...ceueene 10 11 Hardness as CaCO,:
Iron (Fe) ...... .25 .16 Total weeecersecsceses 12 10
Manganese (Mn) ..... -- -- Noncarbonate...... 0 0
Calcium (Ca) ceceeeees 3.3 2.6
Magnesium (Mg) ..... 1.0 .9 Color~--------------,----- - -—
Sodium (Na) ..coveeees] 41 45 ) ; SN 7.6 7.4
Potassium (K) .eeoeee 2.5 1.3 ]|Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) | 120 122 25 C. )eerreesercncncs 195 236
Sulfate (8O,) ..cererees 3.3 5.5 || Turbidity..cceeenseeres - _—
Chloride (C1) cecvacene 1.2 3.0 ||/Temperature (F.)... 76 76
Fluoride (F) ceeveerene .0 .0 ||Date of collection... | Nov. 2, | Mar. 8,
Nitrate (NOy) ......... 1.1 .7 1945 1950
Dissolved solids.....] 125 131
Depth (feet) ..oieiiiiiiiiiiiiiiiitiiiei e aaae 1,509 1,509
Diameter (INCHES) .cveivreiieiiniiiieiiiiieieiieiioierscisncinncercasans 10-6 10
Date drilled 1929 1946

Percent of supply

...............................................................

.........................................................
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ALAMEDA, CALIFORNIA
(Population, 64,430)

Ownership:, East Bay Municipal Utility District. (See Oakland.)

ALBANY
(Population, 17, 590)

Ownership: East Bay Municipal Utility District. (See Oakland.)

ALHAMBRA
(Population, 51,359)

Ownership: Municipal.

Source: 9 wells ranging in depth from 300 to 872 ft . The yield of the wells is re-
ported to be from 900 to 3, 150 gpm. Emergency supply from wells owned by
California Water and Telephone Co., South Pasadena.

Treatment: None.

Storage: Reservoirs and tanks, 27,675,000 gal.

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Well2 | Wels | wei 1z |longden ) Garfleld ,
Well Reservoir
Silica (SiOg) cuveereecreresns - - - - -
Iron (Fe) eccevvvrvernrennens .04 .02 .02 .0 .00
Manganese (Mn) .......... .00 .00 .00 .00 .00
Calcium (Ca) ..ccovvvenen . 35 40 42 36 53
Magnesium (Mg).......... 7.0 10 11 7.8 15
Sodium (Na) .......... 19 25 23 28 27
Potassium (K) .....eeee . - - - - --
Carbonate (COy) .......... 0 0 -- 0 --
Bicarbonate (HCOy)...... 129 154 146 132 151
Sulfate (8O,) .......... . 21 17 24 26 40
Chloride (C1) .coceuvnnnree 13 26 27 17 46
Fluoride (F) .eveeuvvannnne. .8 .5 .4 .8 .5
Nitrate (NGg) ....evvneeens 11 20 19 21 36
Dissolved solids ......... 221 261 262 238 326
Hardness as CaCOy:
Total 115 143 149 123 196
Noncarbonate - . 9 17 29 15 T2
Color .....cccveeee ceeessenane - - - - --
2] ; S veresnories 7.4 7.3 7.3 7.3 7.8
Specific conductance
(micromhos at 25 C.) 317 389 400 371 535
Turbidity ..... cesersearsonas - -- -- -- --
Temperature (F, )...c..e. - -- -- - -
Date of collection ........ Feb. 9, Feb. 9, | Feb. 9, Feb. 9, Feb. 9,
1951 1951 1951 1951 1951
Depth (feet) ............... 734 764 862 718 '
Diameter (inches)........ 30-18-16 | 30-20-16 20 25-20
Date drilled ............... ) 1931 1935 1948 1926
Percent of supply ........ - - - -

2Receives water from Wells 8, Longden, and Garfield.
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ALISAL
(Population, 16,714)

Ownership: Pacific Gas & Electric Co., Adcock Water Co., and Alisal Heights
Water Co. Pacific Gas & Electric Co. supplies about 9, 450 people in Alisal
and all of Salinas; Adcock Water Co. supplies about 6, 500 people in the eastern
part of Alisal; Alisal Heights Water Co. supplies about 800 people in the west-
ern part of Alisal. Total population supplied, about 30, 700.

Source: Pacific Gas & Electric Co.: 8 wells 342 to 668 ft deep; yield reported to
be from 500 to 1, 260 gpm; Adcock Water Co. : 3 wells (5 to 7) 515, 501, and
380 ft deep; yield reported to be 550, 750, and 475 gpm; Alisal Heights Water
Co.: 2 wells (1 and 2) 221 and 182 ft deep; yield of each well reported to be 320
gpm.

Treatment: None.

Storage: Pacific Gas & Electric Co., 200, 000 gal; Adcock Water Co. : elevated
tanks, 14, 000 gal; Alisal Heights Water Co.: elevated tanks, 4,500 gal.

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Clay Street| wogb | well7b | well1c
well2

Silica (Si0,) vevereeerereesreernes - 36 44 -
Iron (Fé€)..c.ueueen. .0 0 .0 .0
Manganese (Mn).... .0 - - .0
Calcium (€a) ..ovvreeenrnoseccnnne 49 40 317 41
Magnesium (Mg) ..coocereersenee 22 13 12 14
Sodium (Na)....... censrenecens 53 26 49 47
Potassium (K) ......... vecereesen - 2.0 3.6 -
Carbonate (COp) ..vvevennneeeene 0 0 0 0
Bicarbonate (HCOy)....... 195 175 141 137
Sulfate (SO,) +--+--- 57 9.5 7.2 12
Chloride (C1). ..ccueieniancnennee 76 40 80 84
Fluoride (F) ...... treseresnsesese .0 .4 .4 .0
Nitrate (NOg) ...ccevenracrarseses 3.5 2.5 12 22
Dissolved solids ...... dgs7 258 329 333
Hardness as CaCOj:

Total ....ceceeeenes feseresassanees 212 153 142 160
Noncarbonate ...c.ccoceeenenes 53 10 26 48
[0 1o U, secses 0 0 0 --
1) STSUT ceervennnnane 7.4 7.6 8.1 6.9

Specific conductance

(micromhos at 25 C.) ...... - 420 519 -
Turbidity ...ccoeeeeeaeenns ceencane -- -- -- --
Temperature (F.) . - 67 65 -
Date of collection.....cceeveeeee| Mar, 24, May 16, May 16, Mar. 6,

1950- 1952 1952 1950

Depth (feet) .u..iveeveiaencinanee 351 501 380 221
Diameter (inches) ........ pevoee 14 14 14 12
Date drilled .......ceeeveiuennee ’ 1924 1947 1933 1946
Percent of supply «ccccvuvenenen. - - —— -

2 Pacific Gas & Electric Co.

b Adcock Water Co. ; analysis by Geological Survey, Sacramento, Calif.
C Alisal Heights Water Co.

dSum of determined constituents.
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ARCADIA
(Population, 23, 066)

Ownership: Municipal.

Source: 11 wells ranging in depth from 462 to 862 ft. The yield of the wells
ranges from 500 to 3, 600 gpm. Emergency supply from wells owned by
Southern California Water Co.

Treatment: None.

Storage: Reservoirs, 10,500,000 gal.

Analyses indicate that there is considerable variation in the character of the water
from the individual wells of approximately same depth and at different depths.

The analyses selected show the range in dissolved solids and hardness in the
water from the different wells.

ANALYSES

. (Analyses, in parts per million, by Pomeroy & Assoc. , 'Pasadenal Calif.)

Orange Orange Longden Camino Rancho

Grove Grove Well 12 Real Well 8

Well 1A | Well 4A Well 1
Silica (8i0g) ceevvievinnnnne. 11 12 18 14 14
Iron (Fe) cevevreeneercanacns -- - .- -- --
Manganese (Mn) .......... -- -1 -- -- --
Calcium (Ca) .............. 26 44 48 39 9
Magnesium (Mg).......... 5.2 14 11 11 24
Sodium (Na) ......coeenenee 50 33 13 19 18
Potassium (K) . .ccevuunee. 1.7 1.8 3.0 1.5 2.1
Carbonate (CGQy) .......... -- -- -- -- --
Bicarbonate (HCO,)...... 156 187 201 182 204
Sulfate (SO,) ...ceveveennnnn 48 60 11 21 121
Chloride (Cl) .............. 13 15 7.0 9.3 14
Fluoride (F) ceevveveennnn.. 1.0 .8 .4 .9 .8
Nitrate (NOg) ..ceuninneenn. 5.6 7.4 13 2.5 b 28
Dissolved solids ......... ba3g b 280 234 Po0g 401
Hardness as CaCOQy:

Total ..ccverrsernnacnnnns 86 167 164 143 296
Noncarbonate «+«c-«c..c. 0 14 0 0 128
[610] 1o AU -- -- ~-- -- --
53 S, 7.5 7.5 7.6 7.8 7.4

Specific conductance

(micromhos at 25 C.) -- -- 355 -- --
Turbidity ..cooeveeienannnnn. - - 1.1 -- -
Temperature (F.)........ - - - - -
Date of collection ........ Feb. 7, | Feb. 7, | May 8, Feb. 7, Feb. 1,

1951 1951 1951 1951 1951

Depth (feet) ............... 462 466 550 714 --
Diameter (inches)........ 22 16 26 20 --
Date drilled ............... 1921 1921 1927 1949 --
Percent of supply........ - - - - -

a
Analyzed by California State Dept. of Public Health.
b Sum of determined constituents.
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BAKERSFIELD
(Population, 34, 784)

Ownership: California Water Service Co. ; supplies East Bakersfield and other
consumers outside the city limits. Total population supplied, about 81, 000.

Source: 78 wells ranging in depth from 60 to 682 ft. The yield of the wells
(data on 44 wells) is reported to range from 160 to 1,250 gpm, and to average
716 gal.

Treatment: None.

Storage: Reservoirs, 10,300, 000 gal.

ANALYSES
(Analyses, in parts per million, by California Water Service Co., San Jose, Calif.)
Well Well Well Well Range of
79-01 70-01 7-06 11-03 |constituents ?
Silica (Si0p) cevoerrvsrennese 14 20 24 21 9 -33
Iron (Fe) ceieiierecinennnes .08 .01 .04 .00l .do- .63
Manganese (Mn) .......... .04 .06 .01 .01 .00- 1.7
Calcium (Ca) .............. 5.2 23 34 62 572 -128
Magnesium (Mg) .......... 1.2 3.4 7.8 14 1.0 - 75
Sodium (Na) .......... 34 25 24 37 [0 -171
Potassium (K) .....cccoeu.. - _— -— - - -
Carbonate {CQ,) .......... - -- -- - -- --
Bicarbonate (HCQ,)....... 85 115 142 205 (59  -250
Sulfate (SO,) ......... veons 11 16 24 59 | 6.2 -384
Chloride (Cl) .............. 7 10 19 38 5 -411
Fluoride (F) ........ cerrens -- - -- - -- --
Nitrate (NOg) +veevenerennes .6 3.1 1.8 16 .0 -35
Dissolved solids ......... b5 bis7 | Paogs bass 108 -1,010
Hardness as CaCQ,:
Total..civverrererrennens 18 73 118 214 18 -628
Noncarbonate 0 0 1 44 |~ -- -
COlOT ..evvivererinnecaneaneae - - -- - - ~=
22 5 N 7.0 7.0 7.0 7.0 6.6 8.3
Specific conductance
{micromhos at 25 C.) 180 253 339 5721 180 1,620
Turbidity ceoeverrerrenne.. -- - - - - --
Temperature (F,)........ -- - - 4 -- -
Date of collection ........ Oct. 27,| Sept. 11,| Apr. 23, | Apr. 23, 1948 — 1951
1950 1950 1951 1951
Depth (feet) ............... 615 300 250 240 60 - 682
Diameter (inches)........ 16 16 16 16 -- --
Date drilled ............... 1949 1948 1946 1941 - -
Percent of supply........ - - - - - -

3 Based on 78 analyses (1 analysis from each well) made between 1948 and 1951.
Mean values: hardness, 108 ppm; dissolved solids, 218 ppm; specific conductance,
354 micromhos.

b Sum of determined constituents.
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BELL
(Population, 15,430)

Ownership: Southern California Water Co.

Source: 4 wells, 540, 586, 490, and 950 ft deep. The yield of the wells is report-
ed to be 585, 275, 1,200, and 1,070 gpm.

Treatment: None.

Storage: 250, 000 gal.

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Watson | welisa Watson | welisa
Silica (8i0y) .euveeeene| 15 12 Hardness as CaCOj,:
Iron (Fe) ...cevrnesnnen .00 .03 Total weeresesssesnons 204 201
Manganese (Mn) ..... .0 .0 Noncarbonate...... 38 5
Calcium (Ca) ......... 57 57
Magnesium (Mg)..... 15 14 COlOT seseresosesorecsses - -
Sodium (Na) ..coeveeee| 37 37 1) ; (PRI 8.2 7.9
Potassium (K) ....... - . |l Specific conductance
Carbonate (COy) ..... 6 0 (micromhos at
Bicarbonate (HCOy) | 189 238 25 C.)veererenninanns -- --
Sulfate (SO,) ...eoeeeee| 80 46 Turbidity .......... - -
Chloride (C1) .........| 25 2 Temperature (F. )... -- -
Fluoride (F) .......... . -- ||Pate of collection... |Apr.26, |May 12,
Nitrate (NOy) .. . 1951 1948
Dissolved SolldS .....
DEPEN (FEEL) .evuveererreeieersiiirareeeieeeeeessrerassnssresereeasssssareres 490 -
Diameter (inches) ... . 16 _—
Date drilled .......cccoeeeininnnne P N 1946 -
Percent of supply - 100

2 Composite,
b Sum of determined constituents.

BERKELEY
(Population, 113, 805)

Ownership: East Bay Municipal Utility District. (See Oakland.)

BEVERLY HILLS
(Population, 29,032)

Ownership: Municipal; supplies also West Hollywood. Total population supplied,
about 41, 000.

Source: 17 wells ranging in depth from 90 to 702 ft (83 percent of supply); Colo-
rado River (17 percent of supply; 22 percent in 1952), furnished by the Metro-
politan Water District of Southern California (see Los Angeles.) The yield of
the wells is reported to range from 100 to 900 gpm, and to average 540 gal.

Treatment: Aeration, softening with excess lime, recarbonation, rapid sand fil-
tration, chlorination, and ammoniation.

Rated capacity of treatment plant: 7,500, 000 gpd.

Raw-water storage: 1,171,000 gal.

Finished-water storage: 18,780, 000 gal.



CALIFORNIA

BEVERLY HILLS--Continued

(Analyses, in parts per million, by City of Beverly Hills)

ANALYSES

89

Franklin Tatum City Melrose

Well 9 Well 1-A Well 1-A M Well
Silica (S10,) «.cvcerererrernecceres 10 27 35 23
Iron (Fe)eucerecireceracaseoncenees 0 .15 0 0
Manganese (Mn).... . - -— - -
Calcium (Ca)..... . 61 50 76 31
Magnesium (Mg) «.ccvercerennes 27 30 39 9
Sodium (N2)...ccceeerseranencreen
Potassium (K) .....ceeeennes } 47 158 195 186
Carbonate (CO,) -- -- -- --
Bicarbonate (HCO,).. . 281 415 517 371
Sulfate (SO,) seresrescececsacsernes 72 106 79 43
Chloride (Cl)..... 30 100 190 120
Fluoride (F) ...ccccecenrcenvences 1.2 .4 .3 .5
Nitrate (NOg) sevieerrsercrsncses 18 - -- -
Dissolved solids ... 4405 ag76 2868 a594
Hardness as CaCOj:

Total ceeeerrerarecesereensrosanns 263 248 350 114
Noncarbonate .......ecceeeneen 32 0 0 0
COlOT eairecriecrserecas sanernrernne - -- - -
£ = Sy - 7.5 7.2 8.0

Specific conductance

(micromhos at 25 C.) «..... 600 1,050 1,380 1. 000
Turbidity ....ccceaeeenee [T - - - -
Temperature (F.) ... . - - - -
Date of collection..... Spring, Spring, Spring, Spring,

1951 1951 1951 1951

Depth (feet) .oocvviievncecinnnnas 90 400 411 600
.Diameter (inches) ........... e 16 16 16 16
Date drilled .......eeveennenenne 1921 1930 1948 1948
Percent of supply ....ccevvenenne - - — —

2Sum of determined constituents.‘
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BEVERLY HILLS--Continued

ANALYSES
(Analyses, in parts per million, by City of Beverly Hills)
Plant 1 Plant 2
Plant1 | (finished | Plant2 (finished

(raw water) water) (raw water) water)
Silica (SiO)) ....... cerensrsesnsene 20 20 12 12
Iron (Fé).cceersnnns ereensesaanes .20 .10 .20 .20
Manganese (Mn)............. vees - - — -
Calciuxq (o) I ceeen 75 25 42 22
Magnesium (Mg) ......ceen vevees 30 26 16 12
Sodium (Na)...... verenereeerecncns
Potassium (K) ....... verseseses . } 148 148 160 159
Carbonate (COg) ...cvvurerareraes _— - — -
Bicarbonate (HCO,).. 398 207 403 303
Sulfatg (SO,) ssevererens ceaces 108 110 68 70
Chloride (Cl). csvieserececonroneee 138 148 84 90
Fluoride (F) ..cceceveenenn ceveces 4 .4 .6 .6
Nitrate (NOg) .eveurererraninnees . - - -- --
Dissolved solids ...cc.eeavees arie a580 2581 as515
Hardness as CaCO,:

Total ............. 310 170 170 102
Noncarbonate ......... vores 0 0 0 0
160 1o ) o N - - - -
pPH............ sernnecsnceennas seeess . 7.5 8.2 8.0 8.1

Specific conductance
(micromhos at 25 C.) «ecee. 1,100 920 920 840
TULDIdity cuvevereerereereecereenses . - - -
Temperature (F.) .....ee0ee - - - -
Date of collection...ccceeuennaes October, October, October, October,
1951 1951 1951 1951
Regular determinations at treatment plant, 1951
Alkalinity Hardness
as CaCO, pH as CaCoO, Turbidity
(ppm) (ppm)
Av | Max{ Min| Av|Max|Min | Av |Max| Min| Av | Max| Min
Raw waterD....,.. --| 330| 300 --|-- | 7.6| -- [320 [300 | --| --]--
Finished water®,| --| 176 150 --| -- | 8.1| -~ [168 | 160 | --| --| --
Raw water S....... --| 330| 304/ --|-- | 8.0 -- |172 1164 | == | --| -
Finished water ¢.| --| 250 230 --| -- 8.1| -- [106 98 -- = ==
2 Sum of determined constituents,
P pjant 1.
€ Plant 2.
¢« BURBANK

(Population, 78,577)

Ownership: Municipal.

Source: 11 wells (3, 4, 6, 7, and 9 to 15) ranging in depth from 180 to 790 ft, 98
percent of supply; Colorado River distributed by the Metropolitan Water Dis-
trict of Southern California,. 2 percent of supply (5 percent in 1952), (see Los
Angeles.) The yield of the wells is reportedto range from 500 to 2, 860 gpm.

Treatment: The well water is not treated. Colorado River water is softened and
filtered by the Metropolitan Water District of Southern California.

Raw-water storage: Approximately 35, 000, 000 gal.

Finished-water storage:
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BURBANK--Continued

ANALYSES
(Analyses, in parts per million, by Carl Wilson, Los Angeles)
Well 4 Well 7 Well 10 | Well 11 | Well 14

Silica (810, ....... 20 19 25 24 19
Iron (F€) coivvvevvenreenenns 0 0 0 0 0
Manganese (Mn) .......... 0 0 0 0 0
Calcium (Ca) ...cvcevvnneen. 67 66 52 51 50
Magnesium (Mg) 18 17] 14 15 14
Sodium (Na) .......ceceueee 33 39 35 19 31
Potassium (K) . ........ - - -- -- -
Carbonate (CGQy) .......... 0 0 0 0 0
Bicarbonate (HCO,)...... 275 275 242 189 222
Sulfate (SO,) ......... aecnes 43 49 47 46 41
Chloride (Cl) .......... 24 25 12 16 16
Fluoride (F) cvivivivnrnenes - - -- -- --
Nitrate (NO,) 13 12 .5 5 4
Dissolved solids ...... a354 2362| 2305 2269 2284

Hardness as CaCO,:
A ) 241 235| 187 189 182
Noncarbonate ».eeeeeeees 16 10 0 34 0
Color ......ceeuuee verasececes - -- -- - --
3] ; SRS 7.5 - 1.4 7.9 7.9 7.8

Specific conductance
(micromhos at 25 C.) -- - -- -- --
Turbidity .....coeeeveren. - - - -- -
Temperature (F,)..cccve -- - - -- --
Date of collection ........ Sept, Sept. Sept. Sept. Sept.
. 1951 1951 1951 1951 1951
Dfepth (feet) ............... 227 630 588 653 730
Diameter (inches)........ 16 20 20 20 20
Date drilled ............... 1924 1939 -- -- 1950
Percent of supply ........ - - - _— -

2Sum of determined constituents.

BURLINGAME
(Population, 19, 886)

Ownership: Municipal. -

Source: Water purchased from City of San Francisco: Crystal Springs Reservoir
(93 percent of supply) and Pilarcitos Reservoir (7 percent of supply). (See
San Francisco. )

Treatment: Water from Crystal Springs Reservoir is chlorinated by City of San
Francisco. Water from Pilarcitos Reservoir is chlorinated by City of Bur-
lingame. :

Finished-water storage: 3,550,000 gal.

CHULA VISTA
(Population, 15,927)

Ownership: California Water and Telephone Co. (See National City. )
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COMPTON
(Population, 47,991)

Ownership: Municipal; supplies also about 1, 000 people outside the city limits.
Total population supplied, about 49, 000.

Source: 9 wells (1, 2, 6, and 8 to 13), 256, 282, 280, 717, 642, 466, 640, 410,
and 738 ft deep. The yield of the wells is reported to be 630, 790, 360, 740,
1,200, 1,080, 2,000, 450, and 1,350 gpm. Emergency supply from the Colo-
rado River distributed by the Metropolitan Water District of Southern Cali-
fornia. (See Los Angeles.)

Treatment: None.

Storage: Reservoirs, 6,000, 000 gal.

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Well 1 Well 6 Well 9 Well 10 Well 11

Silica (8i0p) veveursrenenenn. -— -- -- ——- -
Iron (Fe) ceevererearsnenenne .03 17 .08 .03 .04
Manganese (Mn) .......... .0 .0 .0 .0 .0
Calcium (Ca) ..oevevenrenas 57 87 51 68 58
Magnesium (Mg) .......... 12 18 6.7 12 10
Sodium (Na) ...... 40 48 44 27 43
Potassium (K) . .. - - - -- --
Carbonate (CQy) .......... 0 0 0 0 5
Bicarbonate (RCOQ,)...... 212 256 173 210 205
Sulfate (8O,) ..ceverveaeses 71 126 88 65 71
Chloride (Cl) ..... 22 40 15 26 21
Fluoride (F) ...... .4 .4 .3 .4 .3
Nitrate (NOg) «cvcvvrennnnne .0 .0 .0 .1 .0
Dissolved solids ......... 336 505 315 387 400
Hardness as CaCOy:

Total ccivernienennrennens 191 294 154 219 187
Noncarbonate «-eeceeseee 18 81 12 47 10
Color ........ creeneecnennins - -- -- -- --
1] 2 QI vessastarcesene . 7.9 7.6 8.2 7.8 8.3

Specific conductance

(micromhos at 25 C.) -- -- -- -- --
Turbidity ..... [ 0 0 0 0 0
Temperature (F.)........ - -- -~ -- --
Date of collection ........ Mar. 21,| Mar. 21, | Mar. 21,| Mar. 21,] Mar. 21,

1951 1951 1951 1951 1951

Depth (feet) ............... 256 280 642 466 640
Diameter (inches)........ 12 8 28-16 16 16
Date drilled ............... 1920 1880 1947 1947 1948
Percent of supply........ - -- -- -~ -

CONTRA COSTA DISTRICT
(Population, -w---- )

Ownership: California Water Service Co. ; supplies Concord, Crockett, Port
Chicago, and San Ramon Valley. Total population supplied, about 63,000.

Source: San Joaquin River through the Contra Costa Canal (47 percent of supply),
Sacramento River (45 percent of supply), Port Chicago wells (5 percent of sup-
ply), and other wells (3 percent of supply). There is an emergency connection
with the East Bay Municipal Utility District. (See Oakland.)
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CONTRA COSTA DISTRICT --Continued
Treatment; Surface water: prechivrination, coagulation with alum, sedimenta-
tion, activated carbon, rapid sand filtration, postchlorination, and adjustment
of pHwith soda ashor lime. Water from the Galindo wells is softened with zeolite.
Rated capacity of treatment plant: 12,000,000 gpd.
Raw-water storage: 1, 000,000,000 gal.
Finighed-water storage: 5,590,000 gal.

ANALYSES

(Analyses, in parts per mxlhon, by California Water Service Co., San Jose, Calif. )

Galindo |Government| Mallard

Well Ranch Well | Reservoir F' lesheg

2-37 1-03 (raw water water
SiTica (810 eveeerrerrerenarene 25 21 8 8
Iron (F&)eueeireennrenecacnanes .06 .15 .93 .10
Manganese (Mn) ...ceeneeensene .10 .18 .13 .11
Calcium (Ca) .ecuveecrncnnrereasee 46 41 26 30
Magnesium (Mg) «ccccerrerenees 36 31 22 19
Sodium {Na) .................. 41 119 65 56
Potassium (K) .. . -- -- -- --
Carbonate (CO,) -- -- 0 --
Bicarbonate (HCO,).... cesenane 279 288 107 112
Sulfate (SO,) sereeecsreccnranaanes 56 KL 60 K
Chloride (Cl). coverererererncanees 38 113 103 70
Fluoride (F) ..cccceeceevecenrnnes .1 .1 0 .0
Nitrate (NO) ...ccevuerenerenns 11 11 .6 e, 37
Dissolved SOLdS ...cveveeennans| 391 €557 €338 319
Hardness as CaCOy:

TOtal cvveervcecrenrssrcanncs 262 230 155 152
Noncarbonate ......... 34 0 68 61
COlOr.ueurcerscennnnes [ .- -- 0 --
pH..... consans verensee 7.9 7.5 7.2 8.0

Specific conductance
(micromhos at 25 C.) «..... -- -- -~ --
Turbidity ..ceveeeeees sersssasonene -, -- == -
Temperature (F.) ....... -- -- -- -
Date of collection ceeeseeceennsss| Feb. 8, Jan. 23, Jan. 3 1949
1950 1950 1950
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCQ, pH as CaCO, Turbidity
{ppm) {(ppm)
Av| Max|Min| Av |Max|(Min| Av | Max|Min | Av |Max]| Min
Raw water......... -- | 238 88 | 7.5( 7.9 7.2]155 | 262 [152 | == |-~ | --
Finished water...| 92 -] --|8 we] =152 a=]| =] == | --

§Surface waters,
Composite sample, distribution system.
c Sum of determined constituents.
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CULVER CITY
(Population, 19, 720)

Ownership: Southern California Water Co. ; supplies also about 4, 100 people out-
side the city limits. Total population supplied, about 23, 800.
Source: 10 wells. Sentney Plant: wells (5 to 8, 10, and 12), 266, 810, 287, 320,

290, and 650 ft deep; Pacific Plant: well (4), 335 ft deep; Sepulveda Plant:
well (3), 300 ft deep; Manning Plant: wells (4 and 5), 304 and 855 ft deep.

The yield of the wells is reported to range from 135 to 1, 150 gpm.

Treatment: Aeration, coagulation with ferrous chloride, activated carbon, sedi-
mentation, rapid sand filtration, and chlorination.
Rated capacity of treatment plant: 2,500,000 gpd.

rRaw-water storage: None.

Finished-water storage: 1,350,000 gal.

ANALYSES
(Analyses, in parts per million, by Smith-Emery Co., Los Angeles, Calif.)
Sentney Pacific Sepulveda Manning
. Wells Well Well Wells
S11ICa (S10) vreeerrerrsereeeerenes 12 14 12 12
Iron (Fe)uirerrnrenenns .06 .1 .25 .04
Manganese (Mn) corsniene .03 .03 .12 .00
Calcium (Ca) ccvureercenrannene . 87 115 106 87
Magnesium (Mg) ..coevcenencese 42 46 49 30
Sodium (N2)...ecevvrurareerennnans 87 44 95 46
Potdssium (K) ........ seernceneas - - -- -
Carbonate (COg) ....currrrunnens 0 0 0 0
Bicarbonate (HCOy).......... 360 299 366 337
Sulfate (SO,) +++eeeeessecsererisane 151 209 188 97
.Chloride (Cl). ......ccuuneene 90 89 125 43
Fluoride (F) ...c..ccuneee cesesene -- -- -- --
Nitrate (NOg) ....uuvee.es - - - -
Dissolved S0lidS ......evvreens .| 646 2665 2756 2481
Hardness as CaCOy:

Total cevvicniceenrerseraconcens . 389 474 467 340
Noncarbonate 94 231 166 64
[01¢) 1 ) SN -- -- - --
PH.ovvveennns vesesene vesaee sesseaace 8.0 7.8 8.0 7.6

Specific conductance

(micromhos at 25 C.) «..... - - - --
Turbidity ........ ceseses TP - -- - --
Temperature (F.) ....... -- -- - -
Date of collection.ccceereeeensss Mar. 27, Apr. 7, Apr. 1, June 2,

1950 1950 1950 1950

Depth (feet) oovvverererevennnnn. 266-810 335 300( 304-855
Diameter (inches) .............. 14-18 16 16 10-14
Date drilled .......cocvienineneen 1931-1946 1932 1938 1938-1944
Percent of supply ....cceevennene -- -- -- -

aSum of determined constituents.
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DALY CITY
(Population, 15, 191)

Ownership: Municipal; supplies also about 100 people outside the city limits.
Total population supplied, about 15,300,

Source: 6 wells (1, 6 to 10) 256, 400, 500, 500, 500, and 522 ft de=p; yield report-
ed to be 55, 300, 300, 350, 300, and 1,000 gpm. The wells furnish 82 percent
of the total supply. Auxiliary supply from San Andres Reservoir. (See San
Francisco. ) '

Treatment: The well water is not treated. Water from San Francisco.is chlorin-
ated by City of San Francisco.

Storage: 3 reservoirs, 3,000,000 gal.

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Well 1 Well 7 Well 8 Well 10
Silica (Si0,) +uvvevernsne -- - - --
Iron (Fe)eeeiivrenieiereeencencenens 2.0 .0 .0 3.0
Manganese (Mn) ...cceceevnvenens .0 .0 .0 .0
Calcium (Ca) .......... 13 14 13 14
Magnesium (Mg) .cceeeeen 12 12 12 14
Sodium (Na).....ecrenneeruanse 34 34 31 29
Potassium (K) .coververenenes - - - -
Carbonate (COy) ..vvvrvrruonanns 0 0 0 0
Bicarbonate (HCOy).......... 93 102 93 98
Sulfate (SO,) «=++++ sesecosesnnes vee 12 8.0 6.0 8.9
Chloride (C1).viucenenens cernenes 31 46 44 45
Fluoride (F) ...cccveenrnniorennas .0 .0 .0 .0
Nitrate (NOy) 31 5.5 4.4 1.3
Dissolved solids ........... 226 222 202 210
Hardness as CaCO,:

TOtal cevvrerveeeeersensonernanes . 82 85 81 91
Noncarbonate ........cceeeneee 6 1 6 12
Color..... seresencssnces tesrnsescens -- -- -- --
4] 5 SN 7.4 7.1 7.9 7.3

Specific conductance

(micromhos at 25 C.) ...... a - — -
Turbidity .cevveenrcencenscenscanens - - - -
Temperature (F.) ..c..coouensee - - - -
Date of collection.....c.ceauians Nov. 29, Nov. 29, Nov. 29, Nov. 29,

, 1950 1950 1950 1950

Depth (feet) ......cceeevremennnnn. 256 500 500 522
Diameter (inches) .............. 14 12 12 14
Date drilled .......ceveeeivannnn 1908 1937 1938 1949
Percent of supply ....cccevesenns - _— - -

EAST BAKERSFIELD
(Population, 38, 177)

Ownership: California Water Service Co. (See Bakersfield.)
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EAST LOS ANGELES
(Population, 92, 100)

Ownership: California Water Service Co.

Source: 43 wells ranging in depth from 276 to 815 ft. The depth of most of the
wells is around 500 it.

Treatment: Chlorination.

Raw-water storage: None.

Finished-water storage: 8, 140, 000 gal.

ANALYSIS

(Analysis, in parts per million, by California Water Service Co., San Jose, Calif.)

Typical Typical
composite composite
of wells of wells
Silica (810,) vivevvrnivnennn 28 Hardness as CaCQq:
Iron (Fe) ........ cereoes .04 Total voevinrirernncnnnnns 212
Manganese (Mn) .......... .0 Noncarbonate ......o..... 43
Calcium (Ca) ............ . 57
Magnesium (Mg) ......... 17 Color .uveurenne eerarereeenes -
Sodium (Na) ........... 37 PH totireiiniiecinircniininnecnns 7.9
Potassium (X) ........ -- || Specific condnctance -
. Carbonate (CO,) .......... 0 - (micromhos at

Bicarbonate (HCOy) ..... 206 25 C. )evererenrenncnnnnnenns -
Sulfate (S0,) 55 Turbidity ........... crberees -
Chloride (Cl) ........ 46 Temperature (F.)...ccoeuen -
Fluoride (F) .0 || Date of collection ......... 1950
Nitrate (NO,) .0
Dissolved solids ......... 2349
Depth (feet) ....... reeteerarereseceitensetatirasstttotaraasirestsanasetsttottrintes -
Diameter (inches)....ccocveenenees eeaecnaronnscnerasiraenatesataescentes veeveeees -
Date drilled ......... -
Percent of supply 100

2 Sum of determined constituents.

EL CERRITO
(Population, 18,011)

Ownership: East Bay Municipal Utility District. (See Oakland. )

EURZIKA
(Population, 23,05¢)

Ownership: Municipal; supplies also about 8,000 people outside the city limits.
Total population supplied, about 31, 000.

Source: Mad Kiver (diversion dam); emergency supply, 3 deep wells.

Treatment: Prechlorination; coagulation with alum, sodium aluminate, and lime;
sedimentation, chlorination, and rapid sand filtration. Copper (Cuprose) for
control of algae.

Rated capacity of treatment plant: 2,500,000 gpd.

Raw-water storage: Approximately 750, 000, 000 gal impounded behind Mad River
Dam.

Finished-water storage: 2,125,000 gal.
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EUREKA --Continued

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Mad b Mad b
River 2 Wells River2 | Wells
Silica (8i0) «veverern. .- -- ||Hardness as CaCO,: N
Iron (Fe) ..coeuee 0.4 0.2 Total weeeeereesanenne 66 92
Manganese (Mn) ..... .0 .0 Noncarbonate...... 6 5
Calcium (Ca) ...ec0e.e 20 14 = ‘
Magnesium (Mg)..... 3.9 14 COlOr seeertnararsenanes . .
Sodium (Na.) ----- cseer 2.8 20 pﬂun.... ------ esenceces 8.0 7.9
Potassium (K) ....... - -- ||Spetific conductance
Carbonate (COy)..... 0 0 {micromhos at
Bicarbonate (HCO,) 3 107 25 C.)uveecorenannnns - -
Sulfate (SO,) .c.eevnene 4.3 .0 ]| Purbidity......... - 0
Chloride (C1) ceseeeres 5.4 30 Temperature (F.)... - -
Fluoride (F) ceooecaees .0 .0 |{Date of collection... |June 15, | June 14,
Nitrate (NOy) ......... .0 3.5 1950 1950
Dissolved solids.....| €73 |®134 ’
Regular determinations at treatment plant, 1951-52
Alkalinity Hardness
as CaCo, pH as CaCO, Turbidity
(ppm) (opm)
Av |Max| Min| Av|{Max|Min | Av | Max| Min| Av | Max| Min
Raw water......... 501110 20 -- - -<4 50| 120} 36-| --j2000 5
Finished water...] 40| 95 8l ~- - -~ 60f 118| 33 --+ 50 5

2 Finished water except for final chlorination.
b Hawthorne Street wells.
€ Sum of determined constituents.

FRESNO
(Population, 91, 669)

Ownership: Municipal; supplies also about 16, 000 people outside the city limits.
Total population supplied, about 108, 000.

Source: 45 wells ranging in depth from 80 to 319 ft. The depths of most of the
wells are between 100 and 200 ft. The yield of the wells is reported to range
from 1,000 to 2,425 gpm, and to average 1, 489.

T'reatment: None.

Storage: 1,880,000 gal.
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FRESNO--Continued

ANALYSES
\Analyses, in parts per million, by U. 8. Geological Survey)

Well2 | Well3 | Well 24 | Well 27 | Well 322
Silica (Si0p) vevvveruennrnss 73 80 71 73 58
Iron (Fe) ............ .02 .01 .0 .0 .01
Manganese (Mn) . - -- - - .00
Calcium (Ca) ....cccveunuen 34 28 15 18 25
Magnesium (Mg).......... 19 A7 8.3 13 14
Sodium (Na) ............... 29 23 18 16 22
Potassium (K) . ........... 5.9 5.2 3.4 4.4 4.3
Carbonate (CQ) .......... 0 0 0 0 0
Bicarbonate (HCOy)...... 202 172 101 130 174
Sulfate (SO,) 13 9.3 9.6. 8.4 3.3
Chloride (C1) 20 18 6.8 8.0 18
Fluoride (F) coceeivvennnnn. .0 .0 .0 .0 .1
Nitrate (NOg) «..cvvenvennen 27 22 14 14 5.4
Dissolved solids ....... . 330 286 202 217 236
Hardness as CaCO,:

Total...ccoverersnranennns 163 140 72 98 120
Noncarbonate «-ceeeeeeee 0 0 0 0 0
Color ..c.cvvevninene ki 5 10 3 ——
PH oiviiiiiiniiiniinns 7.8 7.6 7.7 7.6 7.6

Specific conductance
(micromhos at 25 C.) 451 378 231 269 -
Turbidity ...ecveeveevvvnnes 0 1 3 0 --
Temperature (F.)........ - ) - - - -
Date of collection ........ Oct. 17, Oct. 17,| Oct.17, Oct. 17, May 2,
1951 1951 1951 1951 1947
Depth (feet) ............. v 142 123 162 130 182
Diameter (inches)........ 20 18 18 18 20
Date drilled ............... 1922 1923 1925 -- 1941
Percent of supply ........ To-- - - -- -

2 Analyzed by Twining Laboratories, Fresno, Calif.

GLENDALE
(Population, 95, 702)

Ownership: Municipal; supplies also about 400 people outside the city limits.
Total population supplied, about 96, 100.

Source: 11 wells (Grandview 1 to 4, 6, 9to 12, and Glorietta 3 and 4) ranging in
depth from 180 to 640 ft and Verdugo Stream, about 99 percent of supply. The
yield of the wells is reported to range from 835 to 3,190 gpm, and averages
2,117 gpm. Most of the supply is from the wells. Auxiliary supply (about 1
percent of the total; 7 percent in 1952), Colorado River distributed by the Met-
ropolitan Water District of Southern California. (See Los Angeles.)

Treatment: None (Colorado River water is softened and filtered by Metropolitan
Water District of Southern California). (See Los Angeles.)

Storage: 170,000, 000 gal.
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GLENDALE--Continued

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Grandview|Grandview|Grandview| Glorietta| Verdugo
Well 6 | Well 11 Wells2 | Well 3 Stream
Silica (Si0p) cvusereecenrnens - - 19 - -
Iron (Fe) ceeevenennnse veesee . . 60 1.3 -- 3.8 .68
Manganese (Mn) .......... .00 .00 0 .00 .00
Calcium (Ca) ...... feeeaees 54 52 56 36 54
Magnesium (Mg) _ 14 13 12 14 21
Sodium (Na) ........ reveens 57 32 71 20 26
Potassium (K) ............ - - - - -
Carbonate (CQy) .......... 0 0 0 0 0
Bicarbonate (HCOy) ...... 223 214 243 149 188
Sulfate (SO,) ...c.ccevvenee 73 55 67 23 80
Chloride (C1) .ccovecevaenns 39 14 51 14 23
Fluoride (F) ..ecececennnnn. .4 .4 -- .4 .5
Nitrate (NOg) ceccvvivnnenns 5.7 1.4 3.5 26 b 10
Dissolved solids ......... b3s4 barg b3gg | Pana 308
Hardness as CaCOy: .
Total...vvenvirinriinianans 193 183 189 150 223
Noncarbonate «-eeeceeees 10 7 0 28 67
COlOT wevieinieiicnniennnnans -- -~ -- -- --
PH cieriieiiiiiiaiiannes 7.7 7.9 7.7 7.1 6.8
Specific conductance
(micromhos at 25 C.) 628 491 -- 389 545
Turbidity .ccecevueee. reeeras C-- -- -- -- --
Temperature (F.)........ -~ -- .- -- -~
Date of collection ........ Oct. 19,| Oct. 19, | Nov. 29, | Oct. 19, Oct. 19,
1951 1951 1949 1951 1951
Depth (feet) ............... 476 640 -- 180
Diameter (inches)........ 18 18 -- 16
Date drilled ............... 1923 1929 -- 1928
Percent of supply ........ -- - -- --

2Analyzed by Carl Wilson, Los Angeles, Calif.
Sum of determined constituents.

HAWTHORNE
(Population, 16,316)

Ownership: Municipal; supplies also about 3,150 people outside the city limits.
Total population supplied, about 18, 500.

Source: 7 wells (1 to 4, 6 to 8) 569, 679, 760, 670, 490, 500, and 532 ft deep.
The yield of the wells is reported to range from 328 to 750 gpm. Emergency
supply from the Lennox system of the Southern California Water Company.

Treatment: Prechjorination, coagulation with ferric chloride, softening with
excess lime, sedimentation, rapid sand filtration, and postchlorination.

ktated capacity of treatment plant: 6,000,000 gpd.

Raw-water storage: 550,00 gal.

Finished-water storage: 1,590,000 gal.
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HAWTHORNE--Continued
ANALYSIS

(Analysis, in parts per million, by Carl Wilson, Los Angeles)

Finished Finished
water water

(composite) (composite)
Silica (Si0,) ........cervee. 31 Hardness as CaCOy:
Iron (Fe) ...coccenverenenens 0 Total voviiiieceienrnnnens 63
Manganese (Mn) .......... 0 Noncarbonate ............ 0
Calcium (Ca) .............. 12.
Magnesium (Mg) ......... 8.0 |[COlOT werriniiraieniinnnnnee, -
Sodium (Na) ............... 82 1) ; E TP 8.9
Potassium (K) ............ -~ || Specific conductance
Carbonate (CQy) .......... 44 (micromhos at
Bicarbonate (HCO,) ..... 109 25 C.)ecevarnrniennninnnns -
Sulfate (SO,) ..ovverneeennne 7.0 || Turbidity ...........o verrenas -
Chloride (Cl) ....... cereens 59 Temperature (F.).......... -
Fluoride (F) .ccevvvnvennnnn -- {tDate of collection ......... February,
Nitrate (NO) .............. .0 1950
Dissolved solids ......... 29290

2Sum of determined constituents.

Ownership: Municipal.

Source: .11 wells ranging in depth from 510 to 1, 550 ft.

HUNTINGTON PARK
(Population, 29,450)

The yield of the wells is

reported to range from 200 to 1,440 gpm. Emergency supply from wells
owned by Southern California Water Co. in Bell and Maywood.

Treatment: None.
Storage: 7,442,000 gal.

The weighted average hardness and dissolved solids of the water served are 228

ppm and 365 ppm, respectively.

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Well 2 Well 6 Well 7 Well 10 | Well 12

Silica (Si0g) cvvvenernennee. 15 20 23 14 17
Iron (Fe) ceceesvnrnricnnnene .03 .00 .00 .00 .04
Manganese (Mn) .......... .00 .00 .05 .00 .00
Calcium (Ca) ....veveeeenes 72 85 48 47 46
Magnesium (Mg).......... 23 47 15 20 13
Sodium (Na) .c.ceeevnennenn 54 60 42 44 45
Potassium (K) ............ 1.9 1: 4 3.0 2.4 2.3
Carbonate (CQy) .......... - -- -- -- --
Bicarbonate (HCO,)...... 216 248 193 201 204
Sulfate (SO,) ...... rereeeoe 121 205 76 82 69
Chloride (C1) .covceuvnnnnas 75 29 22 24 23
Fluoride (F) .vcveuennnnen. .4 .4 .3 .4 .4
Nitrate (NQy) ... 7.1 .4 .8 3.5 .0
Dissolved solids ......... | 2479 747 349 373 345
Hardness as CaCOy:

Total ..ceeiereniniecnnenes 287 408 181 201 170

Noncarbonate «««eeeeeee0 110 205 23 35 3

2Sum of determined constituents.
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HUNTINGTON PARK, Analyses--Continued

Well 2 Well 6 Well 7 Well 10 Well 12
COlOT ....vvviercenennnnennenn - - - -- -
2 ; RN . 7.4 7.5 7.7 7.7 7.8
Specific conductance
(micromhos at 25 C.} 824 1,000 518 548 521
Turbidity .c.cceeeerernennen. << 1 < 1 <1 < 1 <1
Temperature (F.)........ -- -- -- .- --
Date of collection ........ Sept. 25,| Sept. 25, | Sept. 26, Sept. 25, Sept. 25,
1951 1951 1951 1951 1951
Depth (feet) ............. . 533 756 984 1,200 1,504
Diameter (inches)........ 12 12 12 18 14
Date drilled ............ 1920 1908 1909 1937 1945
Percent of supply........ - -- - - -
INGLEWOOD

(Population, 486, 185)
Ownership: Municipal; supplies also about 100 people outside the city limits.
Total population supplied, about 46, 300.
Source: About 25 wells ranging in depth from 282 to 798 ft. Most of the wells are
under 500 ft in depth,
Treatment: Chlorination.
Storage: 4,800,000 gal.

ANALYSES
(Analyses, in parts per million, by Carl Wilson)

Wells 9, Well Well Well

11, 19, 243 22 29 33
Silica (SiOy) wererecreuseenrsescse 19 19 19 44
Iron (F€)ueeereeececosroncsracnase .0 .0 .08 .15
Manganese (Mn) ..cocveencaannene .0 .0 .0 .10
Calcium (Ca)..... 1 84 117 3
Magnesium (Mg) .. 14 24 21 25
Sodium (Na)....ceeereereereenenses 52 67 79 104
Potassium (K) -- - -- --
Carbonate (COy)........ cormnenes 0 0 0 0
Bicarbonate (HCOg).....evuuses 249 261 281 386
Sulfate (SO,) +rveversresssrsrses 94 70 79 74
Chloride (CI)...ceceerenee creresane 32 115 87 108
Fluoride (F) ..coceeerrereconsanes .0 7-- 18‘ - g
Nitrate (NOy) ceceecesecncreansenes 1.8 .
Dicared s;)hds ...... —— b 406 P515 P51g Pe18
Hardness as CaCO,:

Total voecevecrnssasersasecasncns 235 308 279 285
Noncarbonate ....cceeceseesens 31 94 49 Y
COlOTucreerenrneerssccs srsnsavarsan 0 0 0 0
PH.ocueueee 7.7 7.3 7.5 7.5

Specific conductance R
(micromhos at 25 C.)} ...... -- - -- --
Turbidity .eceveeeereessceccecsenses 0 0 0 0
Temperature (F.) .ccccceesncens -= == - -=
Date of collection ...ceeeesneeee| Oct. 26, Oct. 26, Oct. 28, July 14,
1949 1949 1949 1949

2 Composite sample.
Sum of determined constituents.
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INGLEWOOD--Continued

Wells 9,
11, 19, 242 Well 22 Well 29 Well 33
Depth (feet) .oovvevrveviiiiinnnnnn -- 403 532 495
Diameter (inches) .............. -- 18 18 18
Date drilled ........ccoencnninns -- 1938 1945 1949
Percent of supply ....... Creneee -- -- -- --
LONG BEACH

(Population, 250, 767)

Ownership: Municipal; supplies also about 20, 000 people outside the city limits.
Total population supplied, about 271,000.

Source: 29 wells (Alamitos wells, 8, 9, and 13; Citizens wells 5 to 7; Develop-
ment wells 3 to 8; Wilson well; Wise wells 1 and 2; Commission wells 1 to 7
and 9 and 10; and North Long Beach wells 1, and 3 to 6), 58 percent of the sup-
ply; Colorado River distributed by the Metropolitan Water District of Southern
California, 42 percent of the supply. (See Los Angeles.) The depth of the
wells ranges from 324 to 1,700 ft, and the yield, from 343 to 1,830 gpm.

Treatment: W:ll water: prechlorination, coagulation with ferric chloride, diato-
maceous earth, activated carbon, caustic soda, Calgon, sedimentation, rapid
sand filtration, and postchlorination. Water from the Colorado River is sof-
tened and filtered by the Metropolitan Water District of Southern California.

Rated capacity of treatment plant: 25,600,000 gpd.

Raw-water storage: 12,173,000 gal.

Finished-water storage: Clear wells, 3,763,000 gal; other, 100, 000,000 gal.

ANALYSES

(Analyses, in parts per miilion, by Long Beach Water Department)

Wells Wells ind
(composite, (composite, leshegi
. raw water)a [finished water) water &
ilica (SI0Y) ..cceveverrureen veeeens
Iron (F€) .oveuenennnns ceversnserane 18_9 1 0 o 0
Manganese (Mn) .. - - -
Calcium (Ca) ....... secsesesnens crenee 15 15 1
Magnesium (Mg)........... vearens 1 1 g 3
Sodium (Na).iceeeeereerrraensnnencnes 67 80 101
Potassium (K) ..cceevvennne ceverennen 2 2 3
-Carbonate (COg .....cvuvune. 2 6 4
Bicarbonate (HCOg)...ovveuierecnene 178 165 164
Sulfate (SO,)........... ki 8 64
Chloride (C]) .. . 22 39 43
Fluoride (F).......... cerrenerecsnenns .5 3 3
Nitrate (NOg) ..oevernenecrrarenaens . -- . .
Dissolved S0lidS ..c.cvveeverencennes c c c
Hardness as CaCO,: 223 1 338
Total cceciivinnininnnes cecssenscsnans 41 41 62
Noncarbonate ............ PYTPR 0 0 0
50 8 6
. 8.5 8.5 8.5
Specific conductance
(micromhos at 25 C.)...eeunees - - --
Turbidity .ooeeveieiecene cunas s oeseanee <1 <1 <1
Temperature (F.) eeceececese [TTTITN - - --
Date of collection veeveniveinennanss 1951-52 1951-52 1951-52

aSamples collected from July 1, 1951 to June 30, 1952.
ab Composite, wells and Colorado River, from d1str1but10n system.
€ Sum of determined constituents.
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_LOS ANGELES
(Population, 1,970,358)

Ownership: Municipal; supplies also 26, 000 people outside the city limits, Total
estimated population supplied, 2,063,000 (1952).

Sources of supply and the order of their use for calender year 1952: Los Angeles
Owens-Mono Aqueduct 74. 4 percent; Los Angeles River Sources 17. 8 percent;
miscellaneous local wells 4.3 percent; Colorado River distributed by Metropol-
itan Water District of Southern California 3. 5 percent. The first three sources
are now at approximate capacity use and with rising demand the city will in-
crease its use of water from the Colorado River, which will eventually provide
a large proportion of the supply.

Treatment: Chlorination (except for a part of the supply from the emergency wells,
which is not treated). All major reservoirs are chlorinated at the outlets;
occasional chlorine residuals are carried from one reservoir to another.

Raw-water storage: Grant Lake, 15,500, 000, 000 gal; Crowley Lake,

60, 000, 000, 000 gal; Tinemaha Reservoir, 5,000,000, 000 gal; Haiwee Reser-
voir, 19,000, 000, 000 gal; Bouquet Canyon Reservoir, 11,900,000, 000 gal;
Lower San Fernando Reservoir, 6,700,000, 000 gal; Chatsworth Reservoir,
3,200, 000,000 gal; and other smaller reservoir. Tinemaha Reservoir is used
for storage only at times of excessive river flow, being primarily designed as
a regulatory basin.

Finished-water storage: Many minor reservoirs and tanks for pressure regulation.
Total storage of both raw and treated water, 131, 000, 000, 000 gal.

The Los Angeles Owens-Mono Aqueduct sources include four streams in Mono
Basin, the Owens River and streams tributary thereto and tributary to Owens
Lake, and at times about 100 deep wells in the Owens Valley. The Mono Basin
streams are diverted to Grant Lake and thence through an eleven-mile tunnel to
the Owens River. These waters, together with approximately 38 percent of the
Owens River waters, which have their origin above the Owens River Gorge, are
impounded in Crowley Lake. Releases of water from Crowley Lake mingle with
the remaining approximate 62 percent of the Owens River waters and, after
regulation through Tinemaha, Haiwee, Fairmont, and Bouquet Canyon Reser-
voirs, are discharged into San Fernando Reservoir to supply the San Fernando
Valley, the southwest part of Los Angeles proper, and are mixed with other
sources in other parts of the City. The total length of the Los Angeles Owens-
Mono Aqueduct is 338 miles, which includes approximately 66 miles of the
natural channel of the Owens River. ’

The Los Angeles River sources include spreading grounds, infiltration galleries,
and wells in the Los Angeles River drainage basin. The more important groups
of wells are the Vanowen, Whitnall, Verdugo, Headworks, and Crystal Springs.
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LOS ANGELES--Continued
ANALYSES

(Analyses, in parts per million, by City of Los Angeles)

Los Angeles River Sources

R [ abo | Ve
“BIIIca (10 vrveveeneeerereerreesssnee 18 24 23
Iron (F€) wieeererricrersnececsennsonnes . 04 .02 .00
Manganese (Mn). sessacsoes .01 .01 .01
Calcium (Ca) seeereseesocsecocrccnsee 25 m 58
Magnesium (Mg)..cceeccanaenasnanaes 5 20 16
Sodium (Na)......... 34 52 33
Potassium (K) ..ceeeernnerenrecennes 4 4 3
Carbonate (COg) .cvcierecrcnecerances 2 0 0
Bicarbonate (HCOy).....c0eevnrenee 138 231 192
Sulfate (8O)ceceeecereeceraniesanens 23 139 96
Chloride (C1) ...vcoveeavevenerasancves 17 36 18
Fluoride (F) ccceveerenronrerceseenene .6 .4 .4
Nitrate (NOy)..... .1 12 5
Dissolved solids ....... d200 d47g d350
Hardness as CaCO,:

Total .cveierinecncnncrsoeceroncercnss 84 274 210
Noncarbonate ......eceieceencnnnes 0 84 53
[61¢] 1+ 3 SN - - -
3] ; SRS 8.3 7.6 7.7

Specific conductance

(micromhos at 25 C. }.veeeeresns 317 724 538
TUrbiditY cevreeereenens sernne connenns 3 2 2
Temperature (F, ) «scecesectccernees 58 65 63
Date of collection ciecevencnacenennes -- -— --
Depth (feet) ...... vereenee cececnrnaneenee vesrerersenes veetercasasescrasasane 267-595
Diameter (inches)......c...... esensesestrieasartntraranns verrecersasarresaranae --
Date drilled .......... rernenenens creesienes teversrenerieanns ceveeernaniseiensnans . -
Percent of SUPPLY ecvverertimiitiiiiiiieieriietiineniiineteiiitsrnsaen, ereen 8

2 Average for 1950-51 fiscal year.

bThis analysis was calculated according to the percentage derived from each
of the sources.

€ Los Angeles River, galleries, and wells.

dSum of determined constituents.

METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA

Ownership: Metropolitan Water District of Southern California; supplies 16 con-
stituent areas in 5 counties (Los Angeles, Orange, Riverside, San Bernardino,
and San Diego) in amounts from 0 to.98 percent of supply; 22 percent of the
total water production for these areas. Total population supplied, about
3,563, 000 (estimated as of July 1949).

Source: Colorado River impounded in Lake Havasu. Emergency supply from San
Gabriel River impounded in Morris Reservoir.

Treatment: La Verne plant (all Colorado River water except that through San
Diego Aqueduct): treatment varies somewhat, but in general is as follows:
prechlorination, activated carbon, coagulation with chlorine-activated siliza
sol (sodium silicate), intermittent partial lime softening, rapid sand filtra-
tion, zeolite or polystyrene resin softening of part of the water so that the to-
tal effluent has a hardness of about 125 ppm, postchlorination, final adjust-
ment of pH with lime. San Diego Aqueduct: chlorination.
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METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA--Continued

Rated capacity of treatment plant: 200,000, 000 gpd (designed to be increased to
400, 000, 000 gpd).

Raw-water storage: Lake Havasu, 233,600,000,000 gal; Copper Basin Reservoir,
7,886,000, 000 gal; Lake Mathews, 34, 870, 000, 000 gal; Morris Reservoir,
12, 810, 000, 000 gal; Gene Reservoir, 2,050, 000,000 gal; San Jacinto Reser-
voir, 554,000, 000 gal.

Finished-water storage: Palos Verdes Reservoir, 326,000, 000 gal; Orange County
Reservoir 65,000, 000 gal; Corona Del Mar Reservoir, 4,800,000 gal.

Constituent areas of Metropolitan Water District of Southern California: Anaheim,
Beverly Hills, Burbank, Coastal Municipal Water District, Compton, Fullerton,
Glendale, Long Beach, Los Angeles, Pasadena, San Diego County Water Author-
ity, San Marino, Santa Ana, Santa Monica, Torrance, and West Basin Munici-
pal Water District (new area in M. W. D. June 1949). The West Basin Munic-
ipal Water District comprises the cities of El Segundo, Gardena, Hermosa
Beach, Manhattan Beach, Redondo Beach, Palos Verdes Estates, and industri-
ally important unincorporated areas. (Asof theendof 1952, constituents areas
included Chino Basin, Pomona Valley, and Orange County Municipal Water Dis-
tricts. The total number of cities included in the District totaled 48 in addition
to numerous suburban communities and irrigated areas. The chief cities add-
ed to those mentioned above are Inglewood, Pomona, Ontario, and Fontana,
each with considerable industrial development).

Water is delivered from Lake Havasu by main aqueduct to San Diego Aqueduct and
to Lake Mathews. San Diego Aqueduct connects with the main aqueduct and ex-
tends to San Vicente Reservoir of the San Diego system, a distance of 71. 1
miles. The main aqueduct is 242 miles long; the total distribution system is
215 miles long, making a total aqueduct length of 457 miles.

ANALYSES

(Analyses, in parts per millions, by Metropolitan Water District of Southern Calif.)

Raw lFinished Raw | Finished
water2 | water?2 water2 | water 2
Silica (SiOp) +ecvesreee 8.0 12 Hardness as CaCO,:
Iron (F€) ...cccvnsnenne - — Total seeeesceccseases 315 125
Manganese (Mn) ..... - -— Noncarbonate...... 197 6
Calcium (Ca) ceveeeees 79 31
Magnesium (Mg)..... 28 12 COlOr esesresascsaancanas _— -
Sodium (N2) ..eceveeee 99 189 <) ; RN 8.4 8.8
Potassium (K) ....... 4 3 Specific conductance
Carbonate (CO,) ..... 4 12 (micrombhos at
Bicarbonate (HCOy) 137 121 25 C.)eeecercroncanes 1,040 1,100
Sulfate (SO,) .eceeeeees| 290 290 Turbidity ....cececeeenee . -
Chloride (C1) .cccceuee 79 83 Temperature (F.)... - -
Fluoride (F) ...ccevees .4 .4 ||Date of collection... - -
Nitrate (NOy) ...... 20, .2
Dissolved solids.....| Pg61 692

Regular determinations at treavment puane, 1948 49

Alkalinity Hardness
as CaCO pH as CaCO,C Turbidity
(ppm) | (ppm)
Av| Max{Min| Av |Max|Min| Av | Max|Min | Av |Max| Min
Raw water........ 4119 127| 108/8.3 | 8.6({8.0| 312 322] 304| - | == | --
Finished water..f 111 | 151| 63[8.8| 9.3|8.4| 125| 131} 114 = | -~ [ --

2 colorado River. Average for 1950-51 fiscal year.
P Sum of determined constituents. € 1952,
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LYNWOOD
(Population, 25, 823)

Ownership: Municipal; supplies also about 500 people outside the city limits,
Total population supplied, about 26, 300.

Source: 11 wells (2 to 12) ranging in depth from 352 to 956 ft. The yield of the
wells is reported to range from 550 to 1,700 gpm, and to average 1, 158.

Treatment: None.

Storage: Elevated tanks, 300,000 gal.

ANALYSES

(Analyses, in parts per million, by California State Dept. of Public Health)

Well 2 Well 3 Well 4 Well 7 Well 8
Silica (SiOp) ceverrecrasrenss 18 22 20 23 20
Iron (Fe) ......... eerrarenen .05 - .05 -- --
Manganese (Mn) .......... -- - .1 -- -
Calcium (Ca) ...cevvunenen. 112 ™ 62 58 54
Magnesium (Mg)..... 23 16 10 12 8.6
Sodium (Na) .......... 52 49 39 31 37
Potassium (K) ............ 4.4 4.1 3.2 2.4 4.0
Carbonate (CO,) ....... -- -- ki 2 2
Bicarbonate (HCOy)...... 2817 268 210 248 237
Sulfate (SO,) ...ecovrernnens 159 99 72 37 42
Chloride (Cl) ... 81 36 22 17 15
Fluoride (F) .... .4 .3 .3 .3 .3
Nitrate (NOj) ..eeeevveennns -- -- -- 1.1 .3
Dissolved solids ......... 660 448 352 310 306
Hardness as CaCO,:
375 259 197 192 171
139 39 13 0 0
COlOT .uvvrerrreraerannn. 0 0 0 0 0
¢ 3 - S 8.2 8.3 8.9 8.5 8.6
Specific ctmductance
(micromhos at 25 C.) 910 656 517 471 454
Turbidity ..cvverveeerarennns 0.6 0.5 0.5 0.05 0.3
Temperature (F.).. -- -- -- == --
Date of collection Apr. 27, | Apr. 27, | Apr. 27, Apr. 27,] Apr. 27,
1951 1951 1951 1951 1951
Depth (feet) ............... 352 436 790 610 864
Diameter (inches)........ 16 16 16 16 16
Date drilled ............... 1930 1924 1946 1907 1948
Percent of supply........ -- - -- . -
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MANHATTAN BEACH
(Population, 17,330; in 1953, 26,000)

Ownership: Municipal; supplies also about 900 people outside the city limits.
Total population supplied, about 26, 900.

Source: 4 wells (9, 11, 13, 14) 390, 550 550, and 550 ft deep, 60 percent of sup-
ply; Colorado Rwer d1str1buted by the Metropohtan District of Southern Calif-
ornia (see Los Angeles), 40 percent of supply. The yield of each well is report-
ed to be 600 gpm.

Treatment: The well water is not treated. The Colorado River water is softened
and filtered by the Metropolitan Water District of Southern California, and re-
chlorinated by Manhattan Beach.

Raw-water storage: None.

Finished-water storage: 2,850,000 gal.

ANALYSES
(Analyses, in parts per million, by Carl Wilson, Los Angeles, Calif.)

Well 9 Well 11 Well 13 Well 14

Silica (S10,) ...ceveveeerreranvenes 12 25 22 19
Iron (Fe).uieiiessnrenecraernonns - -- .02 .02
Manganese (MnN) ....coeevecnenne 0 0 0 0
Calcium (Ca)....... 65 42 67 65
Magnesium (Mg} ...covucennnaee 18 17 17 17
Sodium (Na).....ceereereerersernes 76 86 80 68
Potassium (K) .eceeveernenncnnens R - - -
Carbonate (COg) .vcvvererernsnnes 0 0 0 0
Bicarbonate (HCOg)..eceuiesrans 287 3178 298 306
Sulfate (SO,) +e+eee cessesses 28 1 35 32
Chloride (CI). .cecaererienrancas 98 37 93 65
Fluoride (F) ....cccecnrrmcnncenne -- -- -- --
Nitrate (NOg) .ceeverrerrereacerens 0 -- 0 0
Dissolved solids ..c.ceeeiesacene 2445 a394 a461 a440
Hardness as CaCO,:

Total ciciviiienrinnicnssiansannes 236 175 237 232
Noncarbonate ..c.ceeseeenenes 0 0 0 0
CoOlOT veuereierescronens seesessssans - - - -
4] ; S 7.8 7.7 7.7 7.7

Specific conductance

(micromhos at 25 C.) ...... - - - -
Turbidity ..vereserencnsecessnneces -- -- - -
Temperature (F.) ...ccceeveeenn - - - -
Date of collection ...ccceciaeeaes June 4, June 4, June 4, June 4,

1951 1951 1951 1951

Depth (feet) .....cocecevervnvennn. 390 550 550 550
Diameter (inches) .............. 16 16 16 16
Date drilled .....ccccvvvenaennn, 1940 1943 1949 1949
Percent of supply .c.cceveuvennns - - -- -

2 Sum of determined conststuents.

MERCED
(Population, 15,278)

Ownership: Crocker-Huffman Land and Water Co. ; supplies also about 300 people
outside the city limits. Total population supplied, about 15,600.

Source: 10 wells (1to 5, 8, 9, 11, and 12) ranging in depth from 112 to 270 ft.
The yield of the wells is reported to be 1,000, 550, 2,700 (well 3: 2 wells),
1,850, 1,950, 1,900, 1,500, 1,550, and 2 200 gpm, respectwely.

Treatment None.

Storage: Elevated tanks, 600,000 gal.
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MERCED--Continued
ANALYSES
(Analyses, in parts per million, by California State Department ofﬁPub‘lic Health)
Well 3
Well 1 Well 2 @ wells)

Silica (S109) wvvveerrrererrneerrneses — - --
Iron (F€) weveerncenee .0 .0 .0
Manganese (Mn) . .0 .0 .0
Calcium (Ca) serevseccccsese . 20 28 25
Magnesium (Mg)...cc.euninaenee 9.6 13 12
Sodium (Na)...ccceveenrerencansecannse 21 9.0 24
Potassium (K) ..cccevvereecenensennes -— - --
Carbonate (COy) ceeerevecerierengenns 0 0 0
Bicarbonate (HCOg)....covveseuernes 137 149 153
Sulfate (SO.ceereereness cerannses 6.4 5.0 12
Chloride (C1) ...cveeencnrensenrocencee 9.6 9.6 14
Fluoride (F)...ceceeverrenrnereccnnee .0 .0 .0
Nitrate (NOg) ...ccvaeue . 4.4 2.2 8.8
Dissolved Solids .....ccieennenienes 194 190 243
Hardness as CaCOj;:

Total .cucvvvecarae tereassttsnseriaen 89 122 110
Noncarbonate c..eeceeveceascancnes 0 ‘0 0
Color........ - .- 0
1) - SN 7.2 7.6 7.2

Specific conductance
(micromhos at 25 C. )..eeerennen - -- --
TUrDAAItY cvveeereeerene veress suvnnnes - -- --
Temperature (F. ) ccceeercesnnaceces -- - -
Date of collection sveeereeervesns...s| APr. 27, 1950] Apr. 27, 1950| Apr. 27, 1950
Dgpth (feet} ................. 118 230 185, 187
Diameter (inches)...... vesesiesasens 12 12 20, 2¢
Date drilled ......ccccovennene eeees 1910 1914 1950
Percent of supply ...... PP - _— -
' Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCo, pH as CaCO, Turbidity
{ppm) {(ppm)
Av|Max| Min{ Av [Max| Min| Av (Max|Min | Av|Max|Min
Raw water......... 117 | 126] 108/ 7.5} 7.9|7.1| 106122 89} -- | --| --
Finished water...] --= | -=| o o] <) o} ol - EEN BETEE BT
MODESTO

(Population, 17,389)

Ownership: Municipal.

Source: 25 wells ranging in depth from 70 tq 300 ft. There are 15 pumping sta-
tions, 4 of which pump water from 14 of the wells. The remaining pumping
stations each pump water from a single well. The yield from the pumping sta-
tions is reported to be from 700 to 2,000 gpm.

Treatment: None.

Storage: 800, 000 gal.
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MODESTO--Continued

109

ANALYSES

(Analyses, in parts per million, by California State Department of Public Health)

Well 5-1 {Well 9-1 |Well 10-1|Well 12-1] Well 14-1
Silica (8i0g) ceveererenarinns - - - - -
Iron (Fe) weceirevoncsssnnns .1 .0 .1 .0 .0
Manganese (Mn) .......... .0 .0 .0 .0 .0
Calcium (Ca) ...cvevieveene 58 39 46 15 18
Magnesium (Mg).......... 19 12 13 4.2 4.4
Sodium (Na) ......coeeaneen 121 25 104 12, 24
Potassium (K) . ........ - -- -- - -
Carbonate (COy) ...uuueeu. 1] 0 0 0 0
Bicarbonate (HCO,)...... 169 184 165 95 104
Sulfate (SO,) «eeceerroanaee .0 6.7 .0 .5 .0
Chloride (C1) «cceveriaanee 248 31 183 1.2 19
Fluoride (F) ccecervnnnnnenn .0 .0 .0 .0 .0
Nitrate (NOy) ..c.oeeveenene 2.7 1.3 3.5 1.3 2.2
Dissolved solids ......... | 2532 2206 2431 agi 24119
Hardness as CaCOy:

Total...cccvvannnenns 226 148 170 55 62
Noncarbonate .. . 84 0 34 0 0
COlOr ..uvuvverinncecnnecenens - - - - -
4] & SR . 7.2 7.6 7.7 7.8 7.9

Specific conductance

(micromhos at 25 C.) - -- - - -
TUurbidity .oeeeeeneeeerennns - -2 - - -
Temperature (F.)..cocie. -- -- - - -
Date of collection ........ PDec. 27, | Dec. 27, [Dec. 27, |Dec. 27, | Dec. 27,

1951 1951 1951 1951 1951

Depth (feet) ............... 200 136 110 107 125
Diameter (inches)........ 20 24 24 24 24
Date drilled ............... 1918 1930 1939 1948 -
Percent of supply...... . - - - - _—

2 Sum of determined constituents.

MONROVIA

Ownership: Municipal.

(Population, 20, 186)

Source: 6 wells (San Gabriel 1 to 4, Chapman 5 and 6), 476, 420, 500, 530, 387,
and 424 ft deep, 94 percent of supply; 2 springs, 6 percent of supply. Auxil-
iary supply, surface water runoff from mountains when flow is adequate.

Treatment: Mountain and spring supplies are chlorinated. Well water is not

treated.
Storage: 8,000, 000 gal.
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MONROVIA--Continued
ANALYSES

(Analyses, in parts per million, by California State Dept. of Public Health)

San Gabriel Chapman Surface water
Well 2 Well 6 run-off

Silica (S10) .......... eeveereerrrnune 18 20 18
Iron (Fe) veeveerereeceecencroneerancens -- .01 --
Manganese (Mn)....... -- - --
Caltium (Ca) ssereererncrscsrernencne 49 42 52
Magnesium (Mg)...eoveereeanennee 15 11 15
Sodium (Na)...eueessssseensnnssessees 14 20 17
Potassium (K) ..... ceeseresversanecns 1.0 3.5 3.0
Carbonate (COg) ..veerrrcecrncsnnses -- -- -
Bicarbonate (HCO,)..... sessssncaces 193 204 244
Sulfate (SO).veeeenne. reeerereenenene 14 10 20
Chloride (C}))....... trrersasesareravas 12 9.5 8.5
Fluoride (F) .......c.u.. sesanse .4 1.0 .4
Nitrate (NOy) ......... . 16 8.0 .4
Dissolved solids ........... . 2935 228 270
Hardness as CaCOjy:

Total vicvvirreierrareesorsocnscncnnas 185 151 190
Noncarbonate ........ ernssesasenee 26 0 0
COIOT suverurarerncarscsarcesscrsoneense - -- --
) « S PRI 7.5 7.7 8.2

Specific conductance . :
(micromhos at 25 C. )uveeeccenss 395 362 408
Turbidity ceeeevsiaiesnns conace srnsnnns 1.3 1.2 0.9
Temperature (F,)................... - -- --
Date of collection «ccvcveueenenye....] May 4, 1951 May 4, 1951 { May 4, 1951
Depth (feet) .....ceeevveenneennenn. . 420 424 -
Diameter (inches)........cooevueenn. 20 20 -
Date drilled .........ccoevevuennnnnnnn 1924 1928 --
Percent of supply ......coceuvennen.n -— - -

aSum of determined constituents.

MONTEBELLO
(Population, 21,735)

Ownership: Montebello Land & Water Co. supplies about 10, 000 people in Monte-
bello; South Montebello Irrigation District supplies about 7, 000 people in
Montebello; California Water Service Co. supplies the remainder of the popu-
lation of the city.

Source: Montebello Land & Water Co., 4 wells (7, 8, 9, and 10) 900, 452, 302,
and 280 ft deep, yield reported to be 1,500, 1,500, 1,500, and 2,000 gpm;
South Montebello Irrigation District, 4 wells (1, 2, 3, and 4) 398, 395, 364,
and 500 ft deep, yield reported to be 1,500, 1,000, 1,250, and 450 gpm; Calif-
ornia Water Service Co., (data not furnished).

Treatment: Montebello Land & Water Co. supply, none; South Montebello Irriga-
tion District supply, chlorination; California Water Service Co..supply, (data
not furnished). .

Raw-water storage: Montebello Land & Water Co., 1,500,000 gal; South Monte~
bel:lo I;‘rigation District, none; California Water Service Co., (data not fur-
nished).

Finished-water storage: 250,000 gal (South Montebello Irrigation District).
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MONTEBELLO--Continued

ANALYSES . )
(Analyses, in parts per million, by California btate Dept. of Puulic Health)

111

Well 7 Well 8 Well 9 Well 10
Silica (Si0,) viererereersrrasereace 15 19 22 19
Iron (Fe)uuieerereranennns .03 .12 -- .06
Manganese (Mn).......... ceetaes - _— - _—
Calcium (Ca) ..oecerrecnrnnnes 75 100 82 21
Magnesium (Mg) «.ecerveneeeeses 12 15 14 40
Sodium (Na)....cceuvererencananne. 38 32 36 42
Potassium (K) ...cevenenecroracas 4.8 4.0 6.6 4.0
Carbonate (COy) ..... cesseestrnes - - - -
Bicarbonate (HCO,).. . 239 242 254 228
Sulfate (SO,) ++++essee 35 33 37 40
Chloride {Cl). .vcoerrccrerenances 62 100 68 60
Fluoride (F) ..cococececnnnnorees .3 .3 .3 .3
Nitrate (NOg) ..veeeveceresnees .1 .3 .4 .4
Dissolved solids .......... 2360 2423 2392 2339
Hardness as CaCO,:

Total covvenincencannes 236 310 262 219
Noncarbonate ...ccc.oveeeeee . 40 112 54 32
(6161 1) AR - - . -
PH eoiiieeieeeieienrneenneennnseseees 8.5 8.3 8.5 8.5

Specific conductance
(micromhos at 25 C.) ...... 598 723 714 608
TULDIdItY «uveveeervenvrenseeseranes 0.4 -- 0.4 0.4
Temperature (F.) ... -- -- -- -
Date of collection....... ceeneeen Apr. 23, Apr. 23, Apr. 23, Apr. 23,
1951 1951 1951 1951
Depth (feet) .ccoeevniierinenrnnnns 900 452 302 280
Diame#er (inches) ....c..c...... 20 20 20 20
Date drilled .....cccevevuneennnes 1926 1928 1944 1948
Percent of supply .cccoevvunnnnnn - - — -
Well 1 Well 2 Well 3b Well 4b
SIlica (S10,) vveveeeerreseeneeenes 19 18 15 12
Iron (Fe)iuiuenirriarenacersereens .01 .01 — -
Manganese (Mn)..... sresasocions _— - - -
Calcium (Ca)...cceuenenne 41 46 51 78
Magnesium (M) eeeeerereerenne 10 4.6 10 16
Sodium (Na)........ reerreeeens 41 46 44 52
Potassium (K) .ceeevcrvecercrnnns 7.0 6.0 4.0 3.9
Carbonate (CO,) 0 0 0 -
Bicarbonate (HCOg).......cuvues 195 210 210 265
Sulfate (SO,) sesesseasearrecsresrn 34 34 46 71
Chloride (Cl). .ceceeseencerrncaene 22 23 32 61
Fluoride (F) ..ccceerccececaccnnes .8 .6 .4 .3
Nitrate (NO,)..... 20 12 1.3 .3
Dissolved solidS ...cccevveeeneee 318 308 a307 2425
Hardness as CaCO,:
Total ...ccueuee ceesrrennane 145 134 166 261
Noncarbonate ....ecoeavneeneen 0 0 Q 44

2 Sum of determined constituents.

b Analyses by Pomeroy & Associates,

Pasadena, California.
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MONTESELLO, Analyses--Continued

Well 1 Well 2 Well 3b Well 4 b
COlOr.curersercresnsecee susesnasvens -- .- - --
) < S P Py 7.3 7.6 7.4 -
Specific conductance
(micromhos at 25 C.) «e..u. 462 4170 -- --
Turbidity ccoceeererseniecrcecenses 0.04 0.85 - -
Temperature (F.) ..cccoereenees -- - 64 61
Date of collection .ceeesveceeaae May 2, May 2, Jan. 9, Jan. 9,
1951 1951 1951 1951
Depth (feet) ....ccoiaviviiirianas 398 395 364 500
Diameter (inches) .............. 12 12 16 20
Date drilled .......ccccceineniin. 1920 1920 1938 1947
Percent of Supply .cceeevvnenans - - - -

b Analyses by Pomeroy & Associates, Pasadena, California.

MONTEREY
(Population, 16,205)

Ownership: California Water and Telephone Co. ; supplies also Pacific Grove,
Carmel, and about 30,000 people in other communities.

supplied, about 60,000.

Total population

Source: Carmel River (99 percent of supply) and 2 wells, 80 and 60 ft deep (1 per-

cent of supply).

Treatment: Alum, lime, and activated carbon as needed, pressure fiitration, and

chlorination.

Rated capacity of treatment plant: 8,000,000 gpd.
Raw-water storage: 1,532,000,000 gal.

Finished-water storage: 170,

000, 000 gal.

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Raw lFinished Raw |Finished

water 2 { watera water 2 | water 2
Silica (SiOp) .cceeeet . - -- [|Hardness as CaCOy:
Iron (Fe) ccovevecenenns 0.10 0.04 Total weeeecccenceens M 76
Manganese (Mn) ..... .0 .0 Noncarbonate...... 17 14
Calcium (Ca) .oooeee.| 16 13
Magnesium (Mg)..... 8.9 10 Toe) 123 U _— -
Sodium (Na) ...... weeel 13 12 o) ; SRR 7.8 7.8
Potassium (K) ....... -— -- ||Specific conductance
Carbonate (CO,) ..... 0 0 (micromhos at
Bicarbonate (HCOy) | 173 73 25 C.)eerreressensens - -
Sulfate (SO «eeveeeees| 18 15 Turbidity ..oceeereress - -
Chloride (C)).........] 9.5 9.0 || Temperature (F.)... - --
Fluoride (F) ....c.u.e .3 .2 ||Date of collection... | May 8, | May 8,
Nitrate (NOg) ..c.ceuee .0 .0 1951 1951
Dissolved solids.....| 154 148

3 Carmel River.
MONTEREY PARK

Ownership: Munic ipal.

(Population, 20, 395)

Source: 4 wells (1 to 4), 410, 450, 1;110, and 480 ft deep. The yield of the wells
is reported to be 900, 1,300, 2,000, and 900 gpm. Emergency supply from
Southern California Water Co.

Treatment: None,

Storage: Reservoirs, 4,000,000 gal.
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MONTEREY PARK--Continued

ANALYSES
(analyses, in parts per million, by California State Dept. of Public Health)
Well 1 Well 2 Well 3 Well 4
Silica (810 coevmrevarrrenaeeees 22 19 20 12
Iron (Fe)ieiereereeonecoconaennene -- .02 -- .03
Manganese (Mn) ....cceeeennrees -- -- -- --
Caleium (€a) cuverreeerererreroces 35 39 30 38
. 11 10 5.3 12
Sodium (Na)....cceeriveeserneane 28 28 45 30
Potassium (K) .cccoenvecnnennenes 2.0 2.0 2.0 2.6
Carbonate (COy) ....cccoervvunsee - -- - --
Bicarbonate (HCOy)......ceveens a3 2176 2160 2185
Sulfate (SQ,) s++seseccrrreacecaanes 22 14 22 14
Chloride (Cl).cueeerrenrerencnens 21 20 23 24
Fluoride (F) ..cccccereverocennes .6 .6 .5 .5
Nitrate (NOp) .eeveerrerrerrvneees 7.5 12 4.9 14
. Dissolved solidS ...ccceveeneeene 272 262 280 284
Hardness as CaCO,:

Total cceiveerennennes 133 140 96 143
Noncarbonate .......c.ceeveeeee 0 0 0 0
[610) 143 SN 0 0 0 -0
PH......... 8.2 8.4 8.6 8.4

Specific conductance

(micromhos at 25 C.) ...... 361 367 364 374
Turbidity secceeereievecsacscrceneas 1.0 0.8 0.8 0.9
Temperature (F.) .ccc.eeenvenee -- == == o=
Date of collection ueeesecsuenees| APT: 18, Apr. 18,1 Apr. 18, Apr. 18,

1951 1951 1951 1951

Depth (feet) ..cccveiiriecincannine 410 450 1,110 480
Diameter (inches) .c..ccceeeuene 12 16 30-16 12
Date drilled ........ [T 1875 1924 1946 1945
Percent of supply ............... - - - -

2 Includes the equivalent of any carbonate (CO,) present.

NATIONAL CITY
(Population, 21,199)

Ownership: California Water & Telephone Co. ; supplies Chula Vista and also about
13, 200 people outside the city limits. Total population supplied, about 61, 200.

Source: Sweetwater River system (Loveland and Sweetwater Reservoirs); Colora-
do River, Metropolitan Water District of Southern California via San Diego
Aqueduct (see Los Angeles); National City Well 1, 784 ft deep and reported to
yield 1,100 gpm; and 6 wells 59 it deep (average) in Sweetwater Valley. The
quantity of water furnished from each source of supply varies annually depend-
ing entirely on runoff collected in the Sweetwater River system which at present
(1953) is the main source of supply.

Treatment: Chlorination.

Raw-water storage: Sweetwater Reservoir, 9,976,900, 000 gal; Loveland Reser-

voir, 8,420,700,000 gal.

Finished-water storage: 306, 500, 000 gal.
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NATIONAL CITY--Continued
ANALYSES

(Analyses, in parts per million, by California Water & Telephone Co. )

Sweet~ |National Sweet- |National
water City water City
Rivera [Well 1 Rivera | Well 1
Silica (810 ..uceveens 18 20 Hardness as CaCO,:
Iron (Fe) covevenenennne .3 1 Total weesesrecsnancse 136 180
Manganese (Mn) ..... .0 .0 Noncarbonate...... 31 0
Calcium (Ca) ...cvenee 30 34
Magnesium (Mg)..... 15 23 COlOT sseservosnsassssnas - -
Sodium (Na) ..ceeeenes 39 156 PH eeerereercvnnnonencnnns 8.1 7.6
Potassium (K) ....... 3 4.5 ||Specific conductance
Carbonate (CQy)..... 0 0 (micromhos at
Bicarbonate (HCO,) 128 129 25 C.)vereensivanenes 460 990
Sulfate (SO,) .covvereen 35 56 Turbidity .veeceeennenns - -
Chloride (Cl).....cuus 59 177 Temperature (F.)... — -
Fluoride (F) ....occ... .3 .4 ||Date of collection... |Apr. 18, |Apr. 13,
Nitrate (NOQy) ......... .0 .0 1953 1953
Dissolved solids.....| D265 |Pgo0

2 At entrance into Sweetwater Reservoir.
b Sum of determined constituents.

OAKLAND
(Population, 384,575)

Ownership: East Bay Municipal Utility District; supplies also Alameda, Albany
Berkeley, El Cerrito, Richmond, San Leandro, Vallejo (part of supply), other
smaller cities, and numerous unincorporated areas in Alameda and Contra
Costa Counties. Total population supplied, about 900, 000.

Source: Mokelumne River impounded in Pardee Reservoir (93 percent of supply);
local runoff into San Pablo, Upper San Leandro, Chabot, and Lafayette Res-
ervoirs (7 percent of supply).

Treatment: Orinda Plant (Mokelumne River): coagulation with alum, rapid sand
filtration, chlorination, and lime for pH adjustment. San Pablo and Upper San
Leandro Plants: aeration, coagulation with alum, sedimentation, rapid sand
filtration, chlorination, and lime for pH adjustment. Chabot and Grant Miller
(Lafayette Reservoir) Plants: coagulation with alum, sedimentation, pressure
filtration, chlorination, lime for pH adjustment.

Rated capacity of treatment plants: 196,000, 000 gpd.

Raw-water storage: Reservoirs: Pardee, San Pablo, Upper San Leandro, Chabot,
and Lafayette, 102, 759, 000, 000 gal.

Finished-water storage: About 100 distribution reservoirs, 387, 900,000 gal.

Pardee Reservoir, with a storage capacity of 68,400, 000, 000 gal, isabout 94 miles
northeast of the East Bay area. Water is released through an outlet tower into
the twin Mokelumne Aqueducts, together capable of delivering almost
100, 000, 000 gpd by gravity flow. By operating pumping plants the daily flow
can be increased to more than 210,000, 000 gpd. Most of this water is treated
at the Orinda Filter Plant and transmitted into distribution mains; the remain-
ing amounts are stored in the four terminal reservoirs.

The storage capacity of the terminal reservoirs is as follows: San Pablo,

14, 000, 000, 000 gal; Upper San Leandro, 13,500, 000,000 gal; Chabot,
4, 100, 000, 000 gal; Lafayette, 1,700, 000, 000 gal.

Although much of the water is served by gravity, the district requires 67 pumping
plants and over 100 distribution reservoirs to serve those at the higher eleva-
tions.
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OAXKLAND--Continued

ANALYSES
(Analyses, in parts per million, by East Bay Municipal Utility District)
Finished Finished Finished Finished
water @ water water © water 4
Silica (Si0y) civeerereerveecnrerens 7.2 1.3 .6 .4
Iron (Fe)uusseeerersieernenneansnns . e.4 €2.6 €.6 €.9
Manganese (Mn) .. .0 .0 .0 .0
Calcium (Ca).. 6.0 23 36 48
Magnesium (Mg) .7 5.6 13 22
Sodium (Na)......c... 4.7 13 20 34
Potassium (K) ...eeeverecenenenes -- -- - --
Carbonate (COg) ..ceuverernecnnne foy -- -- --
Bicarbonate (HCOy)............ . 81 142 199
Sulfate (SO,) +++«-- terecresenseanne 1.1 24 45 71
Chloride (Cl}. cvscreecernncns 5.0 13 18 32
Fluoride (F) ......... 1 .1 .2 .2
Nitrate (NOy)......... -- -- -- --
Dissolved solids ........ €37 €122 220 316
Hardness as CaCO,:
Total . 18 81 144 208
Noncarbonate .......... 0 15 28 45
ceeeersrsacssns 9.1 8.0 7.9 7.9
Specmc conductance
(micromhos at 25 C.) «..... - -- -- --
Turbidity cececereceinssnscecocesces -- -- - --
June 1950 | June 1950 | June 1950 | June 1950

2 Mokelumne River. PSan Pablo Reservoir. € Upper San Leandro Reservoir.
d Chabot Reservoir. €Iron and aluminum oxides.

f Includes the equivalent of any carbonate (CO,) as blcarbonate (HCO,).

€ Sum of determined constituents.

OILDALE
(Population, 16,615)

Ownership: Oildale Mutual Water Co.

Source: 13 wells ranging in depth from 466 to 722 ft. The yield of the wells is re-
ported to range from 680 to 940 gpm.

Treatment: None.

Storage: 75,000 gal.
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OILDALE--Continued

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Well 5 Well 8 Well 10 Well 11

Silica (Si0p) weeececrsecnsscrenees 27 36 33 32
Iron (F€)..ccceeuuen. .0 .0 .0 .0
Manganese (Mn) ..cceeeernnniene .0 .0 .0 .0
Calcium (Ca) ceererercarsrnssenen 55 25 45 33
Magnesium (Mg) ..ccoeevuvnnnee 8.3 3.2 7.9 5.3
Sodium (Na)........ o . 25 22 25 22
Potassium (K) .c.eoveerenncanrase 4.8 4.4 1.1 .8
Carbonate (COg) ...ceverennennnes 0 0 0 0
Bicarbonate (HCOy).....ccceuee. 116 92 155 102
Sulfate (SO,) s-eseeevestereasesnes 61 28 16 31
Chloride (Cl)..eriereeerecsannses 48 16 39 24
Fluoride (F) ... sesesaneccens .0 .0 .0 .0
Nitrate (NOg) ..ecoeurracens 4.4 2.2 .0 2.2
Dissolved solids ..cccveeurerees 326 179 272 216
Hardness as CaCOy:

Total ..ocevrnreincniencnecannens 171 6 145 104
Noncarbonate ........c.cceeeeee 76 0 18 21
Color..ccarereeees secre ensaaasenen - - - -
2] « SR PRI 7.3 7.8 7.2 7.1

Specific conductance

(micromhos at 25 C.) ...... 479 258 404 321
Turbidity ........ cessrrsesensaenne . <1 <1 <1 <1
Temperature (F.) ...... _— - - -
Date of collection......cceeeeeee| Sept, 18, Sept. 18, Sept. 18, Sept. 18,

. 1951 1951 1951 1951
Depth (feet) ...ccceivrevnrennnnnnn 466 643 533 512
Diameter (inches) .............. 16 16 16 16
Date drilled .....c.cecivininnnnen 1933 1939 1942 1945
Percent of supply .....ceevuvennn. - - - -
ONT ARIO

(Population, 22,872) '

Ownership: Municipal; supplies about 300 people outside the city limits. Total
population supplied, about 23, 200.

Source: 8 wells (1 to 8), 600, 600, 604, 507, 551, 496, and 536 ft deep. The
yield of the wells is reported to be 945, 1,650, 1,500, 1,600, 2,400, 2,400,
1,420, and450gpm. Emergency supply from well and surface water of San
Antonio Water Co.

Treatment: None.

Storage: 14,750,000 gal.
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ONTARIO--Continued
ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Well 1 Well 6 Well 7
BIIECA (S10,) coeereereeerreerarerenenes 27 29 34
Iron (Fe) .ovvcinececencecnerecssssnceee - .02 --
Manganese (Mn) . -- -- --
Calcium (Ca) sesee 53 47 46
Magnesium (Mg).... ................ 6.3 6.4 7.6
Soditm (Na)....eceeeeensanscossnnsans 15 16 18
Potassium (K) ceeeccessnesronnncane 3.0 2.0 --
Carbonate (COy) ...... 0 0 0
Bicarbonate (HCOy).. 200 187 172
Sulfate (SOcccceecerecronrcernonsans 9.5 8.0 14
Chloride (C1)..cccorreernrssersancves 7.0 6.0 9
Fluoride (F) ...cccerereenenrenneen .4 .2 .4
Nitrate (NOy) .......... ceeseansesesens 1.9 2.5 2,6
Dissolved S0lidS .icceverercrracecnns 236 208 238
Hardness as CaCO,:

Total ....ccovuvenane sesserasesaneses . ~ 158 144 145
Noncarbonate ...c......oeeecenes 0 0 4
Color cees 0 0 0
| +) - SO sresersecsnsene 8.5 - 8.5

Specific conductance

(micromhos at 25 C.)....ceeeee 352 327 343
TUurbidity .ueeececsecscce voronn sosnsnne 1.6 2.2 1.7
Temperature (F,)ccccecssesnranens - == ==
Date of collection «cecevereraonnensesl Apr. 12, 1951 | Apr. 13, 1951 Apr. 13,1951
Depth (feet) .......ooviveinierirarannns 600 R51 496
Diameter (inches)......c.eeerieensen 16 26 16
Date drilled ........ceeevnenenne eeees 1910 1930 -
Percent of supply ......cecveennenens - -= -

OXNARD

(Population, 21,567; census 1952, 26,353)

Ownership: Municipal.

Source: 6 wells (1 to 6) 234, 234, 232, 252, 235, and 240 ft deep; yield reported
to be 1,080, 1,120, 1, 000 1, 440 1 600 and 1,700 gpm.

Treatment: None.
Storage: 1,000, 000 gal.
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OXNARD--Continued
ANALYSES

(Analyses, in parts per million, by Smith-Emery Co., Los Angeles, Calif.)

Wells
(composite Well 1 Well 5
sample

STTCA (5109 woovereerereesrnerssronees 7.5 - --
Iron (Fe) ....... resaceseesarserancens . -- .25 0
Manganese (Mn) . -- -- .8
Calcium (Ca) +++¢ o 155 153 197
Magnesium (Mg).ceeeesseeracecensese 42 51 61
Sodium (Na)......... 105 86 93
Potassium (K) .cieeeerenroceennrances -- - --
Carbonate (COg) .vceverarnasensnnren 3 0 0
-Bicarbonate (HCOg).....co0uununees 262 230 248
Sulfate (SO ceeererreceens ceevsnsennes 471 501 625
Chioride (C1) .uuveereree R . 55 58 61
Fluoride (F).......... -- .6 .7
Nitrate (NOg) ccuvirrecnrrrsrccacanees -- 6.0 2.4
Dissolved S0lidS ....eererverenenn. 2968 2969 21,160
Hardness as CaCOj,:

Total sevverinrerncenncans vestsceranes 561 594 745

Noncarbonate ........... vesessrene 340 402 540
[ 0161 ¢} Y -- - -
o) - SN 8.2 7.4 7.4
Specific conductance

(micromhos at 25 C. ).ceeeerecns 1,500 -- --
Turbidity ........ S JOSR -- - --
Temperature (F.) eccee [RTTTTTPIN . .- -- -=
Date of collection ........ ceesesseres| Nov. 24, 1950 Dec. 8, 1950| Dec. 8, 1950
Depth (feet) ......ccocvvivieiiiainiens -- 234 235
Diameter (inches).......ccccoeeuene. -- 14 14
Date drilled ........cocciiiiiinnnianen -- 1912 -
Percent of supply ...ccoeveeniinnnnns -- - -

25um of determined constituents.

PALO ALTO

(Population, 25, 475)

Ovwnership: Municipal; supplies also about 9, 750 people outside the city limits.
Total population supplied, about 35, 200.
Source: San Francisco city supply (see San Francisco, Bay Crossing lines)
60 percent of supply; © wells, 250 to 600 ft deep, 40 percent of supply.
Treatment: Chlorination.
Raw-water storage: --
Finished-water storage: 4, 980,000 gal.
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PALO ALTO--Continued
ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Main Mayfield |Middlefield Oregon
Stagﬁn Well 2 Well Well

Silica {S10,) ..ovvvvrnvnierieeienne -- - -- -
Iron (Fe)uuuieecreercnncnnennvssnns .04 .6 0 .26
Manganese (Mn) ...... bees .0 0 0 .1
Calcium (Ca) ...ccoueene. vesssases 61 41 39 82
Magnesium (Mg) cveerenreniovens 14 12 11 22
Sodium (Na) 86 65 110 102
Potassium (K) .cccoeceiecrnnnnnes -- -- -- .
Carbonate (COg) ..uueresrersnnens 0 0 0 0
Bicarbonate (HCOgy)...:..ceeveee 283 244 271 254
Sulfate (SO,) sesereeererrreucceaces 44 40 33 33
Chloride (Cl). cuvcrveersrnasrenne 83 35 90 170
Fluoride (F) ..... crevnanee eevrees .0 0 0 .1
Nitrate (NOy) c.vveeennnen R .4 1.1 0 1.8
Dissolved Solids ..cuceerneecns v 575 438 552 668
Hardness as CaCOj,:

Total ...c.u..e cecrseene 211 151 142 291
Noncarbonate ......ceceeseeeee 0 0 0 87
Color....ccveeunnne veeeeee sresecesas -- -- -- ==
1) : ORI cereeearens crreneereens 7.1 7.9 7.9 8.1

Specific conductance
(micromhos at 25 C.) ...... -- -- == --
Turbidity .ccovvernenes == -- -= -
Temperature (F.) ...... corsenns == -- -- -
Date of collection .eeeeerseceeees Feb.. 6, Feb. 6, Feb. 6, Feb. 6,
1951 1951 1951 1951
Depth (feet) vevveveevvrvrruennens 446 526 . 600 512
Diameter (inches) .ccceueuvenn. 14 14 14 14
Date drilled .......coveieeiennnen 1926 1931 1932 1930
Percent of supply .....eonveneee. -~ == == -
2 Also known as Park Boulevard Well.
PASADENA

(Population, 104, 577)

Ownership: Municipal.

Source: Colorado River distributed by Metropolitan Water District of Southern
California, 62 percent of supply (see Los Angeles); 14 wells ranging in depth
from 642 to 1,220 ft, 35 percent of supply; Arroyo Seco, Eaton Canyon, and
Millard Streams, 3 percent of supply.

Treatment: Colorado River: softenedand filtered by Metropolitan District of
Southern California (see Los Angeles). Local supplies: chlorination and am-
moniation.

Rated capacity of treatment plant: --

Raw-water storage: --

Finished-water storage: 103,000, 000 gal.
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PASADENA --Continued

ANALYSES
(Analyses, in parts per million, by City Of Pasadena)
Jourdan | Garfield Woodbury Sunset Copelm
Well2 | wel? | Wen® | wen?® | wen?

Silica (8i0g) .eveerrevsnnes . 30 30 . 26 30 30
Iron (Fe) ........ caveansanes .03 .03 .06 .03 .03
Mahganese (Mn) .......... - .- - - -
Calcium (Ca) .....ceveneee 42 20 - 24 37 47
Magnem(t;}n)(Mg) ceasarens 11 4.0 3.7 11 15
Sodium (Na) ........ceeee .
Potassium (K) . .cceeueeene > 17 48 33 23 26
Carbonate (CQ,) .......... 0 0 0 0 0
Bicarbonate (HCO,) PP 178 99 123 159 216
Sulfate (80,) 13 13 21 18 28
Chloride (Cl1) ...ccecvneneee 10 10 12 14 13
Fluoride (F) veeereennerenes (b) - -- -- -
Nitrate (NO,) ......... 8.7 9.9 6.7 14 6.4
Dissolved SOlldS cecesenes | €219 c1e61 c187 c 225 €272
Hardness as CaCQO,:

Total..ccevenienccnncenanss 151 65 4 139 179
Noncarbonate ««ceeseeees 5 0 0 9 2
Color ........ sesreveseee - -- - - -
13 = SN . 7.4 7.7 7.8 7.4 7.3

Specific conductance

(micromhos at 25 C.) - - -- - -
Turbidity ..ccoeveuvreerennns -- -- -- -- --
Temperature (F.)........ - - - - -
Date of collection ........ - - - - -
Depth (feet) ............... 729 720 1220 751 700
Diameter (inches).. 26 26 26 26 26
Date drilled ............... 1926 1921 1930 1924 1921
Percent of supply........ 11 i [} 6 3

Eaton [Arroyo Eaton | Arroyo
Canyon | Seco Canyon Seco
Stream a[Stream 4 Stream2| Stream2

Silica (SiOp) w.eevnnes| 19 2 Hardness as CaCO,:
Iron (Fe) oeernnnenns .04 071l Total secsssscessennes 175 213
Manganese (Mn) ..... - — Noncarbonate...... 4 5
Calcium (Ca) coereneee| 45 56
Magnesium (Mg).....| 15 18 COlOF cocarsnrnnssuessene - _
Sodium (Na) .......... PH cvvvrecrnvnvannonsens 8.2 7.9
Potassium (K) } 14 26 Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOg) | 208 254 25 C.)..... - --
Sulfate (S8O,) ..........| 21 36 Turbidity ..oeeeernenes - -
Chloride (C))........ . 7.2 13 Temperature (F.)... - --
Fluoride (F) .......... - - ||Date of collection... - -
‘Nitrate (NOg) ......... 4 4
Dissolved sohds ..... c 224 c299

a Average for year 1950-51,

b Weighted average fluoride content of
sources of supply about 0.7 ppm. Annual Report 1952-53, Pasadena Water Dept.
¢ Sum of determined constituents.
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POMONA
(Population, 35,405)

Ownership: Municipal.

Source: 12 wells (1 to 12) ranging in depth from 495 to 1, 104 ft, and 2 tunnels
(1 and 3). The yield of the wells is reported to range from 400 to 1,500 gpm,
and to average 843 gpm.

Treatment: None.

Storage: Reservoirs, 15, 000,000 gal.

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Well 4 Well 5 Well 8 Well 11 | Tunnel 3
Silica (SiOg) ceveerresracs sor 20 19 18 23 16
Iron (Fe) wceecerrececncnnes e - - - -
Manganese (Mn) .......... - - - - -
Calcium (C2) .cuvreenreesen 72 52 68 52 37
Magnesium (Mg)..... 12 8.5 7.6 9.3 4.0
Sodium (Na) ........ versooe 12 20 32 12 31
Potassium (K) . ........ 11 4.6 4.4 3.8 3.0
Carbonate (COy) .......... - -- - -- -
Bicarbonate (HCO,)...... 214 184 170 189 172
Sulfate (SO,) ...eoeveanansee 29 27 64 20 21
Chloride (C1) ..c..evuvees . 11 9 13 7.0 10
Fluoride (F) ........ ceanes .3 .4 .2 .3 .8
Nitrate (NQy) ...covunreenn 48 32 80 17 13
Dissolved solids ......... 321 270 386 256 218
Hardness as CaCO,:

Total...... cererecesacanens 231 166 202 169 108
Noncarbonate -- . 56 15 62 14 0
Color ........ teerseceesasneee 0 0 0 0 0
pH....... cecnesernresasas evens 7.0 7.3 7.1 7.3 7.3

Specific conductance

(micromhos at 25 C.) 495 403 540 382 330
Turbidity ..... eeavnncsrcnans 1.2 0.8 0.7 Q.6 0.9
Temperature (F,)..cce0.. -- -- . - -- --
Date of collection ........ May 9, | May 9, May 9, May 9, May 9,

1951 1951 1951 1951 1951

Depth (feet) ............... 537 575 960 566
Diameter (inches)........ 20 20 16 20
Date drilled ............... 1940 1930 21926 1947
Percent of supply........ - - - _—

2 Drilled prior to 1926.
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REDLANDS
(Population, 18,429)

Ownership: Municipal; supplies also Bryn Mawr, Loma Linda, and Mentone.
Total population supplied, about 23, 200.

Source: 11 wells (10 to 16, 30, 32, Maquet 1 and 2, and East Lugonia 3) ranging
in depth from 88 to 687 ft (67 percent of supply); and Mill Creek (33 percent of
supply). The yield of the wells is reported to range from 225 to 3,096 gpm, and
to average 1,345 gpm.

Treatment: Water from the wells is not treated. Mill Creek: prechlorination,
coagulation with alum of ferric chloride when the water is very turbid, rapid
sand (pressure) filtration.

Rated capacity of treatment plant: 7,750,000 gpd.

Raw-water storage: --

Finished-water storage: Reservoirs, 14,360,000 gal.

ANALYSES

(Analyses, in parts per million, by California State Dept. of Public Health)

Mill Mill
Wells 2 C(;gs,k wellsa | CfSek
water) water)
Silica (SiOp) «..ieveees 13 9 Hardness as CaCO;:
Iron (Fe) ceeeceniennnes . 02 o]  Total weeescrescnerere 191 123
Manganese (Mn)..... - --|| Noncarbonate...... 11 13
Calcium (Ca).......u. 54 38
Magnesium (Mg)..... 14 6.7 ||COlOT eseeseanrecacencns 0 0
Sodium (Na) seecereees| 40 8.9 |[PH cerverrrersreerraenns 8.4 8.9
Potassium (K) ....... .2 .3 ||Specific conductance
Carbonate (COy) ..... - -<| (micromhos at
Bicarbonate (HCOy) 220 134 25 C.)evencernensones 503 240
Sulfate (SO,) «eeveerres 43 15 Turbidity ...oc.evee 2.7 3.5
Chloride (Cl)......... 19 2.0 || Temperature (F.)... -- --
Fluoride (F) .......... .4 . 8 ||Date of collection... |Apr. 18, |Apr. 18,
Nitrate (NOg) ..oueenee 46 .9 1951 1951
Dissolved solids..... b338 172
Depth (FEEE) ...vevvieniiiiiiiiiieiriiiiiiiieene s raeeneeseraneeneennss 34710687
Diameter (inches)...........cccceeeerireeiiviiviieeeennrensisssenesenennn. 18 to 20
Date drilled ....c..ccoiiiiiiiiiiiiiiiiiiiieieree e sene s ranenes 1913,
Percent of SUPPLY ...ivieveiiiiieiiiiiiiieeeeieeeeeenceneneseerrnnns 1925

2Raw water from wells 10, 11, 12, 13, 14, and 16, Roosevelt Road Plant.
b Sum of determined constitents.

REDONDO BEACH
(Population, 25, 226)

Ownership: California Water Service Co. ; suppliesalso Hermosa Beach and about
3, 000 people outside the city limits. - Total population supplied, about 48,200.

Source: 13 wells ranging in depth from 286 to 600 ft (95 percent of supply); auxil-
iary supply from Colorado River distributed by the Metropolitan Water Dist-
rict of Southern California (5 percent of supply). (See Los Angeles.) The
yield of the wells is reported to range from 180 to 1,052 gpm, and to average
557 gal.

Treatment: Chlorination of well water. Colorado River water is softened and fil-
tered by the Metropolitan Water District of Southern California.

Storage: 3,450,000 gal.
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REDONDO BEACH--Continued

ANALYSES

(Analyses, in parts per million, by California Water Service Co., San Jose, Calif.)

Well Well Well Well Well

5-04 21-01 22-01 25-01 5-02
Silica (SiOp) ceverrrrrecienss 21 28 18 33 21
Iron (Fe) ......... cersnenres .01 .22 .01 .08 .22
Manganese (Mn) .......... .03 .10 .07 .0 .07
Calcium (Ca) .......... 52 38 48 27 54
Magnesium (Mg)...... 15 24 15 12 16
Sodium (Na) ........ 56 79 54 99 62
Potassium (K) . ........ - - -- - -
Carbonate (CQy) .......... - - -- -- --
Bicarbonate (HCO,)...... 252 305 263 305 254
Sulfate (SO,) ...ccevvevenen. 44 5.3 23 12 43
Chloride {C1) ..covevveneene 44 77 44 50 56
Fluoride (F) sicveieranecnns -- -- -- -- ;-
Nitrate (NOg) +cevvenneenns 2.5 .6 . .0 1.
Dissolve(d 2?>)uds ......... 2359 | 2403 2332 2384 2379
Hardness as CaCOy,:

Total..ccvvarereiincennnas 191 194 182 117 200
Noncarbonate «««cceeeeee 0 0 0 0 0
Color ........ treeteensteinnne -- -- -- - ==
52 & 7.9 7.7 7.8 7.9 8.0

Specific conductance

(micromhos at 25 C.) 612 715 590 653 644
Turbidity ..coceevevnvninnnss 0 0 0 0 0
Temperature (F.)........ 74 74 72 75 72
Date of collection ........ Apr. 13,| Feb. 19, | Apr. 25,/ May 10, | Apr. 11,

1950 1951 1950 - 1950 1950

Depth (feet) ............... 520 456 600 504 349
Diameter (inches)........ 16 16 16 16 16
Date drilled ............... 1949 1944 1948 1950 1908
Percent of supply ........ - - - - -

2Sum of determined constituents.

REDWOOD CITY
(Population, 25,544; census 1953, 34, 005)

Ownership: Municipal; supplies also about 4, 900 people outside the city limits.
Total population supplied, about 30,400.

Source: Hetch Hetchy aqueduct is principal source of supply. (See San Francisco,
Bay Crossing lines.) Emergency supply, small private wells, only.

Treatment: Chlorination by City of San Francisco.

Storage: 6,420,000 gal.
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REDWOOD CITY--Continued
ANALYSIS

(Analysis, in parts per million, by City of San Francisco)

Finished Finisheg
water water
Silica (Si0p) ...ieuvnues 7 Hardness as CaCOQy:
Iron (Fe&) ..cccovevinrnnranes L03)]  Total ceveniniiiiiiinninnnns 56
Manganese (Mn) .......... 0 Noncarbonate ............ 8
Calcium (Ca) ............ . 15
Magnesium (Mg) 4.6 [ COLOT wuevernninrianerinianranns --
Sodium (Na) ........ 11 PH rriiieiiinirincincasncnas 7.5
Potassium (K) ... -- |i Specific conductance
Carbonate (COg) ..cuuu.... 0 (micromhos at
Bicarbonate (HCOQ,) ..... 59 25 C.)eveennen esidaernraees 163
Sulfate (SO,) .veevnrerennnns 19 Turbidity ........... veveennns 6
Chloride (Cl) .............. 9 Temperature (F.).......... ==
Fluoride (F) ....ccoeeeuenn. .1 || Date of collection ......... Mar. 1,
Nitrate (NOy) ......... .1 1950
Dissolved solids ......... 95
Regular determinations at treatment plant, 1950-510
Alkalinity Hardness
as CaCO, pH as CaCoO, Turbidity
(ppm) (ppm)
Av| Max|Min| Av (Max|Min| Av | Max|Min | Av |Max| Min
Raw water......... = =1 - -- =1 =1 ==t = =01 -- o
Finished water..| - -- --19.0 - == 36( 164| 121{2.3 9 .5

2 Composite sample, Bay Crossing lines. The composition of the water supplied
during a year may vary over a considerable range depending on the quantity of water
taken from each of the various sources of supply.

b Fiscal year, San Francisco Water Dept.

RICHMOND
(Population, 99, 545)

Ownership: East Bay Municipal Utility District. (See Oakland.)

RIVERSIDE
(Population, 46,764; census 1952, 56,000)

Ownership: Municipal; supplies also about 1, 600 people outside the city limits.
Total population supplied, about 57, 600.

Source: 26 wells in the San Bernardino artesian basin. Well depths range from
300 to 1,192 ft. Most of these wells are flowing. Auxiliary supply from 5
wells in Riverside.

Treatment: None.

Storage: Reservoirs, 22, 000, 000 gal.
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RIVERSIDE - -Continued

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Com- Hunt Cooley
posite | Warren | Raub Wells Wells
sample® | Well2 | Well2 | (5 yang) | (9 wells)
Silica (S10g) +vevrrrunrerens 16 17 15 18 18
Iron (Fe) ......... seceenanen -- - .01 -- ==
Manganese (Mn) ........ . - - - -- -
Calcium (C2) vuuvvereerenes 27 33 28 26 35
Magnesium (Mg).......... 4 4.4 2.7 4.9 7.0
Sodium (Na) ........ 50 16 57 51 31
Potassium (K) . ...ccoveens - 3.2 5.6 3.6 4.4
Carbonate (CQy) .......... 0 -- - -- --
Bicarbonate (HCO,)...... 162 144 151 162 175
Sulfate (SO,) ......... ceaees 34 16 44 31 28
Chloride (Cl) .ccceuvueenee. 18 5.5 27 24 8.0
Fluoride (F) ........ vereaen .4 .5 .8 .4 .2
Nitrate (NOg) .cccoeuvennen. - 1.1 1.4 1.9 1.3
Dissolved solids ......... b 229 170 246 262 218
Hardness as CaCO,:
84 102 80 85 116
0 0 0 0 0
COIOT ..vvneeeneernnreancraens - 0 0 0 0
PH torrreeeacnenne Ceeerenerres -- 7.2 7.4 .7 7.4
Specific conductance
(micromhos at 25 C.) 350 266 208 374 355
Turbidity .ccovevveiniennnnen - 1.2 0.9 0.9 0.5
Temperature (F,)..cc.u.. - -- -- -- -
Date of collection ........ Nov. 17, May 8, May 8,| May 8, May 8,
1950 1951 1951 1951 1951
Depth (feet) ............u.eveue. veresanend 485 1,192} 409-868 | 520-1,138
Diameter (inches) 20 20 10-20 16-20
Date drilled ............ 1930 1931) 1912-46 1899-1947
Percent of supply - - - -
gCity tap.
Sum of determined constituents.

SACRAMENTO
(Population, 137, 572)

Ownership: Municipal; supplies about 132, 700 people in the city; Southern Calif-
ornia Water Co. supplies about 10, 000 people; Jacinto Developers Inc. supplies
2,500 people. A number of people outside the city are also supplied. Total
population supplied, about 146, 200.

Source: Municipal: Sacramento River and 6 wells (standby); Southern California
Water Co: 8 wells; Jacinto Developers, Inc.: 4 wells.

Treatment: Sacramento River: coagulation with alum, sedimentation, rapid sand
filtration, and chlorination. Wells: none.

Rated capacity of treatment plant: 64,000,000 gpd.

Raw-water storage: None.

Finished-water storage: 14,000,000 gal.

The intake in the Sacramento River is just below the mouth of the American River.
Analytical data indicate that at times the water withdrawn represents chiefly
American River water. The well systems and the system served with Sacra-
mento River water are all separate.
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SACRAMENTO--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw |Finished Raw Finished
water2 | water @ water 2 | water 2
Silica (Si0)) ........ . 9.2 9.1 ||Hardness as CaCO;:
Iron (Fe) .......... ene .0 .0 Total seeeconsoncenese 20 21
Manganese (Mn)..... - - Noncarbonate...... 0 6
Calcium (Ca) .vvvrvee 4.6 5.0
Magnesium (Mg)..... 2.0 2.0 [|COlor cerseerseracaancnce 15 0
Sodium (Na) «ceveeeee 1.5 1.5 |[PH ceeeecociencererececens 7.2 6.7
Potassium (K) ....... .6 .9 |}Specific conductance
Carbonate (COy)..... 0 0 (micromhos at
Bicarbonate (HCO,) 23 18 25 C.)erereeocraneass 46.8 54.6
Sulfate (SO,) «veerrenes 1.7 7.6 || Turbidity..coeeeereeens, -- --
Chloride (C)......... .9 1.4 ||Temperature (F.)... 54 58
Fluoride (F) .......... .0 .0 ||Date of collection... June 6,| June®b,
Nitrate (NOg) ..cccues .6 .4 1952 1952
Dissolved solids..... 36 37
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
(ppm) (ppm) '
Av {Max| Min| Av|Max|Min | Av | Max| Min| Av | Max| Min
Raw water.........| 42| 104] 14| 7.3| 7.7 7.0 56| 120 24| 36 | 750 ki
Finished water...] 33 90 6]6.7 7.2/6.2 56[120 24| 0 0 0

a4 Sacramento Rive

r.

SAN BERNARDINO
(Population, 63,058; special census 1952, 73, 827)

Ownership: Municipal.
Source: 30 wells ranging in depth from 40 to 1,408 ft (82 percent of supply), and
Lytle Creek (18 percent of supply). The yield of the wells is reported to range
from 125 to 2, 900 gpm, and to average 1,298 gal (data on 21 wells).
Treatment: Chlorination of creek water; well water not treated.
Storage: Reservoirs, 37,690, 000 gal.
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SAN BERNARDINO--Continued
ANALYSES

(Analys'es, in parts per million, by California State Dept. of Public Health)

. Tl

antin gttt b Hantora | PRN® | Lytle

Well 5 Well Well 1 well 3 Creek?
Silica (8iOp) cervvevracennen _— 14 9 15 —
Iron (Fe) ceveerereeniencnnns — .03 - _— 0
Manganese (Mn) ........ . - - - - -
Calcium (Ca) .oeevurveneen. 24 592 47 31 52
Magnesium (Mg) ...... 1.8 9.5 7.7 6.1 6
Sodium (Na) ......ecveeeeee 44 12 17 32 41
Potassium (K) ........oe0e 2.2 4.0 4.0 .3 -
Carbonate (CQ,) .......... - -- - - -
Bicarbonate (HCOy)...... 127 210 188 129 244
Sulfate (SO,) ...... vereerann 42 13 30 27 27
Chloride (Cl) .ccecuvrernnen 7.4 4.8 10 18 12
Fluoride (F) ........ RO .4 .4 .4 .8 --
Nitrate (NOg) «cevvvvrennen. 1.3 5.3 3.7 3.5 -
Dissolved solids ......... 232 244 240 | P197 b 958
Hardness as CaCO;:

Total....ccovnveenennennns 67 169 149 102 154
Noncarbonate «cceeeteeee 0 0 0 0 0
(611 1o SN 0 0 0 0 --
2 5 8.8 8.5 8.4 8.0 8.0

Specific conductance

(micromhos at 25 C.) 319 339 325 352 --
Turbidity ..cccceeveerereanns 1.1 1.1 1.0 3.5 ==
Temperature (F,)........ -- -- -- -- --
Date of collection ........ Apr. 18, | Apr. 18, | Apr. 18, | Apr. 18, 1940

1951 1951 1951 1951

Depth (feet) ............... 1,408 700 752 265
Diameter (inches)......., -- 20 16 20
Date drilled ............... 1929 1948 1920 1930
Percent of supply........ - - - --

23pecial Bulletin No. 63, California Water Supply Statistics, California
State Dept. of Health.
Sum of determined constituents.

SAN DIEGO
(Population, 334, 387; special census 1952, 434,924)

Ownership: Municipal; supplies San Dieguito Irrigation District, Santa Fe Irriga-
tion District, Del Mar, and part of Coronado. Total population supplied, about
450, 000.

Source: San Diego River system (47 percent of supply), Cottonwood-Otay system
(43 percent of supply), and San Dieguito system (10 percent of supply). Import-
ed supply, Colorado River through the Colorado River Aqueduct and San Diego
Aqueduct of the Metropolitan Water District of Southern California, and the San
Diego County Water Authority. (See Los Angeles. )

Treatment: Alvarado plant: prechlorination, coagulation with ferric sulfate, par-
tial softening with lime, settling, polyphosphate, rapid sand filtration, and
fluoridation; Lower Otay plant: pressure filtration, chlorination, and fluorid-
ation; Torrey Pines plant: pressure filtration, chlorination, and fluoridation.
There are 2 stations for chlorination only.

Rated capacity of treatment plant: Alvarado. plant: 66,000,000 gpd; Lower Otay
plant: 16,000,000 gpd; Torrey Pines plant: 3,000,000 gpd.

Raw-water storage (capacity): 130, 085, 000, 000 gal.

Finished-water storage (capacity): 136, 000, 000 gal.
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SAN DIEGO--Continued

The percentages of supply shown above are the "normal" percentages. Consider-
able quantities of Colorado River water have been used for the past few dry
years, due to extremely low production of local supplies. For the year ending
June 30, 1951, almost 90 percent of the supply came from the Colorado River,
distributed through the San Dieguito system and San Vicente Reservoir, and for
the year ending June 30, 1952, 75 percent. As of 1952, the city's entitlement
to Colorado River water was approximately 53, 000, 000 gpd.

The San Diego River system includes water from the San Diego River and tribu-
taries, and is stored in El Capitan and San Vicente Reservoirs. However, most
of the water received at present in San Vicente Reservoir is Colorado River
water through the San Diego Aqueduct. Water from the San Diego River system
is treated at the Alvarado Plant.

The Cottonwood-Otay system includes water from Buckman and La Posta Creeks
(tributaries of Cottonwood Creek) stored in Morena Reservoir, Cottonwood and
Pine Valley Creeks stored in Barrett Reservoir, and Dulzura Creek stored in
Lower Otay Reservoir. All Cottonwood-Otay sources eventually reach Lower
Otay Reservoir, the water from which is treated at the Lower Otay Plant.

The San Dieguito River system stores water from the San Dieguito River in Lake
Hodges and San Dieguito Reservoir. Water from this system is treated at
Torrey Pines Plant.

ANALYSES

(Analyses, in parts per million, by City of San Diego)

Alvarado Reservoirs 2
finished EI San Lower ~San
watera Capitan | Vicente Otay Dieguito

Silica (S8i0,) cererevancecinns 11 18 10 12 12
Iron (Fe) ......... veeraentne 0 .05 .02 .13 .05
Manganese (Mn) .......... 0 0 ] .03 0
Calcium (Ca) ..cvvvvvrnnenn 60 44 75 34 64
Magnesium (Mg) .......... 20 13 26 21 23
Sodium (Na) ........ ceeeane 81 43 107 82 88
Potassium (K) ............ - - - - -
Carbonate (COy) .......... 9 0 5 0 0
Bicarbonate (HCQy)...... 78 208 159 235 154
Sulfate (SO,) ....ocevvrenens 217 45 265 50 249
Chloride (C1) vevevevnnenen. b 41 81 90 80
Fluoride (F) .eeecceverene. b9 b 3 b 4 b, 5 b 4
Nitrate (NQy) ....... verenes .8 .4 .3 0 0
Dissolved solids ....... . 514 307 648 406 592
Hardness as CaCOq:

Total .ccvsiencercarcnnseans 231 181 295 170 253

Noncarbonate ««ceeeeceee 155 10 157 0 127
[000] 1) venen -- -- - -- --
9 < SN 8.4 7.8 7.8 7.6 7.9
Specific conductance

(micromhos at 25 C.) 959 500 970 750 980
Turbidity ........ cernnreens <1 <1 <1 <1 <1
Temperature (F.)........ -- -- - -- --
Date of collection ........ 1951-52 | 1951-52 1951-52 1 1951-52 1951-52

2 All resuits are averages of monthly and quarterly analyses for 1951-52
fiscal year.
b Fluoride average 0.9 ppm after beginning of treatment (Dec. 1952).
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SAN FRANCISCO
(Population, 775,357)

Ownership: Municipal; furnishes the entire supply for Belmont, Belmont Water
District, Burlingame, Moffett Field, Redwood City, San Carlos, San Mateo,
and Sunol; furnishes part of the supply for Alameda County Water District,
Atherton, Daly City, Menlo Park, Millbrae, Palo Alto, and South San Fran-
cisco. Total population supplied, about 975, 000.

Source: Hetch Hetchy system (60 percent of supply), Alameda system (approxi-
mately 30 percent of supply), Peninsula system (approximately 10 percent of
supply). Emergency supplies from Sunset wells system and from Lake Mer-
ced, within San Francisco.

Treatment: Chlorination, copper sulfate for algae control in open reservoirs.
Aeration of water from Calaveras Reservoir. Fluoridation authorized in
November 1951.

Raw-water storage: Storage reservoirs, total capacity 187, 630, 000, 000 gal.

Finished-water storage: Distribution reservoirs, total capacity 315, 600, 000 gal;
elevated tanks, total capacity 2,780, 000 gal.

The Hetch Hetchy system includes the Tuolumne River impounded in Hetch Hetchy
Reservoir, Eleanor Creek impounded in Lake Eleanor, and Cherry River.
These waters are combined at Early Intake, 155 miles east of San Francisco,
where they enter the agueduct leading to San Francisco.

Hetch Hetchy Reservoir has a storage capacity of 117, 300, 000, 000 gal, Lake
Eleanor a storage capacity of 9,000, 000,000 gal, while the present capacity of
the aqueduct is about 92,000,800 gpd. Under construction (1951) is a dam on
Cherry River which will create a new reservoir with a capacity of
86, 000, 000, 000 gal. Also under construction is a second section of aqueduct
across San Joaquin Valfey which will increase the capacity of the aqueduct to
140, 000, 000 gpd.

The Alameda sources lie on the east side of San Francisco Bay within the drainage
area of Alameda Creek. The chief source is Calaveras Reservoir, which im-
pounds Calaveras Creek and Arroyo Hondo, and water diverted from upper
Alameda Creek through a tunnel. Calaveras Reservoir has a storage capacity
of 31,550, 000, 000 gal, and its water flows by gravity to enter the Hetch Hetchy
aqueduct. During dry years water is also obtained from two underground
sources: Sunol filter galleries on Alameda Creek and wells in the vicinity of
Pleasanton. When these sources are used, the water is pumped into the Hetch
Hetchy aqueduct near the Bay Crossing Division.

The Peninsula system includes chiefly three reservoirs: Crystal Springs, Pilar-
citos, and San Andres. These reservoirs catch and store the local runoff;
also Crystal Springs is the terminal reservoir for the Hetch Hetchy aqueduct,
which includes all of the Hetch Hetchy and Alameda sources. The storage
capacity of each reservoir is as follows: Crystal Springs, 22, 580, 000, 000
gal; San Andres, 6, 190,000,000 gal; Pilarcitos, 1, 010,000,000 gal. Water
from Pilarcitos Reservoir is released to San Andres Reservoir. Water from
Crystal Springs and San Andres Reservoirs is supplied to a number of dis-
tribution reservoirs throughout the city. Crystal Spring lines supply down-
town, commercial, waterfront areas of the city, and peninsula communities
as far south as San Carlos. San Andres lines furnish water to residential areas
of San Francisco. Bay Crossing lines (Hetch Hetchy aqueduct) supply peninsula
communities south of San Carlos and some communities in Alameda County.
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SAN FRANCISCO--Continued

) . ANALYSES
(Analyses, in parts per million, by City of San Francisco)
Iglgttgﬁ‘ Calaveras|Pilarcitos| Sunol |Pleasanton
y s A
Reservoir Reservoir | Reservoir | Galleries Wells
Silica (SiOp) vevesvererenrsas 3.8 5.0 3.7 14 11
Iron (Fe) ......... cecesenens .02 .02 .02 .03 .02
Manganese (Mn) ........ . 0 0 0 0 0
Calcium (Ca) ......... 1.1 25 15 52 63
Magnesium (Mg).......... 1.4 8.8 5.1 14 29
Sodium (Na) ............... .1 8.8 14 26 28
Potassium (K) . ....c.evee. - - - - -
Carbonate (COy) .......... 0 0 0 0 0
Bicarbonate (HCO;) ...... 7 105 70 193 283
Sulfate (8O,) ....iveeerenens 1.6 17 6.5 63 47
Chloride (Cl) .. 1 7 20 21 30
Fluoride (F) cuvevevecnennn. .1 .1 .0 .1 .1
Nitrate (NO,) .............. .1 .2 .1 .0 1.0
Dissolved solids ......... 213 2194 299 2986 2348
Hardness as CaCO,:
Total............. 9 99 59 187 275
Noncarbonate -- 3 13 1 29 44
[o1s3 1+ SR -- - -- - ==
151 : (PSR S 6.4 7.7 7.5 7.9 8.0
Specific conductance
(micromhos at 25 C.) 19.7 225 175 466 606
Turbidity ...oceceeceennnen. -- -- -- == ==
Temperature (F.).. . - -- -- == -
Date of collection ........ June 1949 |June 1949 | June 1949 1948 Jaxil;ix;)y
Crystal Springs{ San Andres Bay Crossing
lines lines lines
Silica (Si0) ..cveveveenene ceeriecsons 7.5 7.0 3.0
Iron (Fe) cceuvecennn . .02 .01 .05
Manganese (Mn) . 0 0 0
Calcium (Ca) «---- . 13 14 7.5
Magnesium (Mg). 5.6 6.2 3.4
Sodium (Na)....cereseneerensens 11 12 5.3
Potassium (K) ...coeeevevirinnennnenns - - --
Carbonate (COg) .eeevevuecnnee . 0 0 0
Bicarbonate (HCOg)......ccceeunnne 66 71 34
Sulfate (SO.).c.cueereere cerernrane 13 12 8.7
Chloride (Cl)... . 10 15 5
Fluoride (F).... .1 .0 .0
Nitrate (NOg) .cccceeeruernn S .0 1 .0
Dissolved SOLidS vuuvvrreerreeerenns . ag3 2102 250
Hardness as CaCOjy:
Total cvevivercarees cereasarussranne . 54 58 33
Noncarbonate c.oueeeveeceessennses 1 2 5
(6153 103 N - -- --
23 = S Y evens 7.9 7.8 7.3
Specific conductance
(micromhos at 25 C. )..ccuceeens 152 170 85
Turbidity coceeeveeeeens e eeerenseeses . - -- --
Temperature (F. ) «ceee caeee . -- - - -
Date of coONeCtion veeeeeersuveeneces] Apr. 17, 1951 | Apr. 17, 1951 | Aug. 18, 1950

2Sum of determined constituents.
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SAN GABRIEL
(Population, 20,343)

Ownership: San Gabriel County Water District; supplies about 15, 000 people in
San Gabriel and about 5, 000 people outside the city limits. Total population
supplied, about 20,000, California Water & Telephone Co. ; supplies sections
of San Gabriel, San Marino, and County Island No. 2 (north of San Marino).
Total population supplied, about 21, 000.

Source: San Gabriel County Water District, 5 wells (3, 4, 5, 6, T) 437, 500, 340,
401, and 910 ft deep; yield reported to be 1,225, 1,332, 2,146, 1,991, and
2,034 gpm. California Water & Telephone Co., 8 wells ranging in depth from
300 to 785 ft; yield (capacity) reported to range from 900 to 2, 100 gpm.

Treatment: None.

Storage: San Gabriel County Water District, 4,100,000 gal; California Water &
Telephone Co., 7,490,000 gal.

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Well 3 Well 4 Well 5 Well 6 Well 7
Silica (810,) ceveevrerenineen 23 19 37 25 34
Iron (Fe) ......... crrrearaee .01 .03 - - -
Manganese (Mn) .......... - - _— - -
Calciun? (Ca) vovvninnnnne. 29 26 34 34 31
Magnesium (Mg).......... 3.7 3.9 8.5 11 8.9
Sodlum_ (N2) teevriiinnnnns 30 29 25 25 33
Potassium (K) . .ccenneneee - 3.0 3.0 2.0 -
Carbonate (COy) .......... - — — - -
Bicarbonate (HCO)...... 132 130 158 149 134
Sulfatg (370 7 IR, vavans 15 27 9.3 16 33
Chloride (Cl) ......ccu..... . 10 9.0 12 16 15
Fluoride (F) ccvevvenennnnns 1.1 1.0 .8 .6 .9
Nitrate (NO,) ....... teesene 12 7.1 16 20 20
Dissolved solids ......... | 2189 2189 2224 2923 2242
Hardness as CaCO,:
Total..cverecarsensenncnss 87 82 121 128 114
Noncarbonate cceeecscees 0 0 0 6 4
Color ererenesriiniene - — - - -
51 - SR 8.8 9.0 8.2 8.2 8.4
Specific conductance
(micromhos at 25 C.) 275 2717 319 343 331
Turbidity ...eeeevecenennanen 6.0 1.5 0.9 1.3 1.1
Temperature (F.)........ - - - - -
Date of collection ........ Apr. 17, | Apr. 17, |Apr. 17, |Apr. 17, Apr. 11,
1951 1951 1951 1951 1951
Dgpth (feet} ............... 437 500 340 401 910
Diameter (inches)........ 18 26 20 20 20
Date drilled ............... 1931 1928 1915 1942 1947
Percent of supply........ - - - - --

2Sum of determined constituents.
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SAN GABRIEL--Continued

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)

Well 1917 | Well 1923 | Well 1925 Well 1947
Silica (Si0y) seeesrverserrennareaes - - -- -
Iron (Fe)uuciierarecaracennens .27 .0 .0 .0
Manganese (Mn) ............. ) .0 .0 .0
Calcium (Ca) ............. 29 33 27 35
Magnesium (Mg) ......cceeeenene 7.4 8.2 8.6 8.5
Sodium (Na)....c..cevernneee 29 31 30 26
Potassium (K) ..coveveerncocnnne - - - --
Carbonate (COg) ....evveerrnnees 0 0 0 0
Bicarbonate (HCOy)....... cerees 128 149 132 163
Sulfate (SO,) ++++e- cteevesncasianes 16 26 18 18
Chloride (Cl). cveeercerecensennes . 20 18 13 14
Fluoride (F) .... . 1.0 .8 .9 .6
Nitrate (NOy) ... . 5.3 2.0 6.4 1.9
Dissolved SolidS ..eceveeurnnnne aivi a192 a169 a1g4
Hardness as CaCO,:

Total ceecevecensincersensrscnnens 104 115 102 122
Noncarbonate ....c.eeeeeeences 0 0 0 0
(075) [+ N - - -- --
2} : N 7.9 7.0 7.4 7.4

Specific conductance

(micromhos at 25 C.) ...... -- - - -
Turbidity ...ccceeceienennene - - - --
Temperature (F.) ...... - - -- --
Date of collection ....c.ccceuuuee| June 11, June 11, June 11, June 11,

1952 1952 1952 1952

Dgpth (feet) ...................... 385 501 785 690
Diameter (inches) .............. 18 18 26 20
Date drilled ........cevevneeninnn 1917 1923 1925 1947
Percent of supply .....c.ocvennen - _— - -

2 Sum of determined constituents.

SAN JOSE
(Population, 95,280)

Ownership: San Jose Water Works (private); supplies also Los Gatos and about
65, 300 people outside the city limits, Total population supplied, about 165, 500.

Source: 41 wells ranging in depth from 185 to 1,535 ft (60 percent of supply); Los
Gatos and Saratoga Creeks (40 percent of supply).

Treatment: Wells: chlorination for some, others untreated. Creeks: chlorina-
tion, occasional use of chlorine dioxide and ammonia.

Rated capacity of treatment plant: --

Raw-water storage: Impounding reservoirs for streams, 2,485, 000,000 gal.

Finished-water storage: Distribution reservoirs, 42,800,000 gal.
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SAN JOSE--Continued

ANALYSIS
(Analysis, in parts per million, by California Water Service Co.)
Composite Composite
water & water 2

Silica (Si0,) ....ceveeveneen 21 Hardness as CaCOy:
Iron (Fe) .ccvevvvveennnnnns .04 Total cveveenririnrienannnns 194
Manganese (Mn) .......... .00 Noncarbonate ............ 8
Calcium (Ca) ...... serenses 42
Magnesium (Mg) ......... 21 COLOT 4evierarninrererersannnans -
Sodium (Na)“.......eeeenuee 29 1) - ST 8.2
Potassium (K) ........ 1 Specific conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 222 25 C.)everenrannninncennnnns 475
Sulfate (8O,) cceerrernennen 41 Turbidity -
Chloride (C1) .....ccuv.ueee 16 Temperature (F.)...ccc.... -
Fluoride (F) .c.ceceuvnnnnn .1 || Date of collection ......... 1950
Nitrate (NOg) «..evvvnennns 6.8
Dissolved solids ......... b g8
Depth (fEet) ..uvveriiiiirieriiisncensiiiiitraiiiiemerciierecrosisionsiessorsosnes --
Diameter (INCReS) veeiuiereiriieiiveriituiniiieieninietiirieniieeiiiercoresioenees -
Date drilled ....... O e -
Percent of SUPPLY «ceieeteiriniiirnriiereiiiiiiineieeniaen. eeressisseiieiienne 100

2Mean for 1950.
Sum of determined constituents.

SAN LEANDRO
(Population, 27,542)

Ownership: East Bay Municipal Utility District. (See Oakland.)

SAN MATEO
(Population, 41,782)

Ownership: California Water Service Co.

Source: Crystal Springs Reservoir (see San Francisco). Emergency supply from
10 wells, ranging in depth from 237 to 445 ft.

Treatment: Chlorination of water from Crystal Springs Reservoir by City of San
Francisco; softening by lime-soda process,and chlorinationof well water,
when used.

Finished-water storage: 5,540,000 gal.

SANTA ANA
(Population, 45,533; Oct. 23, 1952, 52,355)

Ownership: Municipal.

Source: Colorado River distributed by the Metropolitan Water District of South-
ern California, 83 percent of supply, 89 percent of supply in 1952. (See Los
Angeles.) Six wells (7,12 to 16) 960, 466, 960, 978, 1,140, and 1,050 ft deep,

. 17 percent of supply. ’

Treatment: Chlorination of well water; Colorado River water treated by Metropol-
itan Water District of Southern California. (See Los Angeles.)

Raw-water storage: --

Finished-water storage: 2, 060, 000 gal.
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SANTA ANA--Continued

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Well 13 Well 14 Well 15 Well 16
Silica (Si0) v.eerereneen vereane 18 16 18 15
IFON (Fe)eeeereeriereensanrensnserns .05 .07 .00 .00
Manganese (0.71) RGN .00 .00 .00 .00
Calcium (C2) ceeverecenrararees 51 63 50 67
Magnesium (Mg) ..ccceevrvernrnen 18 16 19 20
Sodium (Na)...cccceeerrenanennnnn. 45 43 43 43
Potassium (K) ..... 1.9 2.3 1.7 1.3
Carbonate (COy) ...... . - -- - --
Bicarbonate (HCOy).......... .. 204 230 2017 208
Sulfate (SO,) e+ceeeserererossennnen 93 74 90 83
Chloride (Cl)............ eseeusnes 39 54 35 53
Fluoride (F) .cvvvvvecrirnennnanes .3 .5 .3 .4
Nitrate (NOg) ..cc.vvveeriercrennss 16 12 4.4 21
Dissolved SOldS ..ecevureerans .| 2383 2394 2364 2406
Hardness as CaCO;:
Total covvvrvrerrncreirnecsansanee 203 225 205 250
Noncarbonate .........cc.c..u. 36 36 35 9
ColOT.uiiincrnrnncncans ceesesararen . -- - -- --
PH..cocuut verees veresrrreanes ceeerenn 7.5 7.4 7.5 7.5
Specific conductance
(micromhos at 25 C.) «..... 645 708 625 685
Turbidity covuvieereeccecransccncnes =1 <1 <1 <1
Temperature (F.) ......coceeeees -- -- -~ --
Date of collection........e.e. «+| Sept. 25, Sept. 25, Sept. 26, Sept. 25,
1951 1951 1951 1951
Depth (feet) ..........ceoenene. 960 978 1,140 1,050
Diameter (inches)............... 18-16 20-16 26-16 20-12
Date drilled ...................... 1925 1927 1929 1932
Percent of supply ............... -- -- -- --

28um of determined constituents.

SANTA BARBARA
(Fopulation, 44, 913)

Ownership: Municipal; supplies also about 400 people outside the city limits.
Total population supplied, about 45, 300.

Source: Santa Inez River impounded in Gibraltar Reservoir, 60 percent of supply;
9 wells ranging in depth from 473 to 946 ft, 40 percent of supply. The yield of
the wells is reported to range from 250 to 800 gpm. Auxiliary supply, 5 wells.
There is an emergency connection with a private water company.

Treatment: Santa Inez River water: prechlorination, lime-soda softening, recar-
bonation, coagulation with alum, rapid sand filtration, and postchlorination.
Well water: chlorination.

Rated capacity of treatment plant: 6,000,000 gpd.

Raw-water storage: Gibraltar Reservoir, approximately 4,700, 000, 000 gal.

Finished-water storage: Reservoirs, 64,000,000 gal.

Santa Inez River is supplemented when available by water from Tecolote Tunnel.
When water from this source is used no softening is done. Sheffield Reservoir
serves to distribute both Santa Inez River and Tecolote Tunnel water.
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SANTA BARBARA--Continued
ANALYSES

135

(Analyses, in parts per million, by Pomeroy & Associates, Pasadena, Calif.)

Yanonali | Soledad Qe La Qe La
Well 1 Well 1 Well 1 Well 3
Silica (8i0) ..coevverssracsiaccans 32 32 38 28
Iron (Fe)uuureeeeeseenseeseerasnnnes .1 .0 .0 .0
Manganese (Mn) ceesasnnersnibe - - - --
Calcium (Ca) ceeveenrees seesensens 70 88 103 81
Magnesium (Mg) .. 23 24 36 23
Sodium (Na)..ceeeernmnencersvennes 53 75 54 42
Potassium (K) cersecnsann . 1.7 2 2.0 1.4
Carbonate (COy) ......... -- -- -- --
Bicarbonate (HCO,) 251 301 249 252
Sulfate (SO,) «+«+-- veee 134 135 106 125
Chloride (Cl). .cveenrenes 27 65 131 30
Fluoride (F) ..vccececasecsnsencs .4 .3 .4 .3
Nitrate (NOg) cueuieecencecrecensnee .6 2 40 4
Dissolved SOLAS «.vveerrereeres 2465 as72 2633 a459
Hardness as CaCO,:

Total ....ccu.es verecrersensesases 268 319 408 295
Noncarbonate ........... eeees 64 72 201 90
Color.uiieasnceens PR -- - -- -
PH.oorrrnenee. S 6.9 7.2 6.7 7.0

Specific conductance
(raicromhos at 25 C.) ...... -- -- -- --
Turbidity .oeoeveencennns -= -- -- -
Temperature (F.) ..coceeeennnee -- -- -- --
Date of collection............... Aug. 29,| Aug. 29, Aug. 29, Aug. 29
1951 1951 1951 1951
Depth (feet) .ceverrrniiencannens 946 635 529 698
Diameter (inches) . 14 14 14 14
Date drilled ........ 1950 1948 1948 1948
Percent of supply - -- - -
Finished [Tecolote Finished |Tecolote
water P | Tunnel water P| Tunnel
Silica (SiOg) .eeeeeeee. 24 28 Hardness as CaCO,:
Iron (Fe) .cceverecenns - - Total ceceacececnee .ee 2920 52
Manganese (Mn)..... - - Noncarbonate...... 42 0
Calcium (Ca) «eevveeee 46 14
Magnesium (Mg)..... 25 4.0 ||Colorareriiiccunnranes . - -
Sodium (Na) ...... 99 117 [ +] ; QRPN 7.6 8.2
Potassium (K) ....... 2.4 6.7 ||Specific conductance
Carbonate (COy) ..... - _— (micromhos at
Bicarbonate (HCO,) 214 236 25 C.)..... ceresene e - --
Sulfate (SO,) ...ee... o 2924 98 Turbidity........ - -
Chloride (C1) ceveecaes 19 11 Temperature (F.)... -- --
Fluoride (F) .ecurevane .7 . 8 ||Date of collection... | Aug. 6 Aug. 6,
Nitrate {NOg) ..c..euee 1.2 1.2 1951 1951
Dissolved solids.....| 2547 4397

4 Sum of determined constituents,
b Sheffield Reservoir.
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SANTA CRUZ
(Population, 21, 970)

Ownership: Municipal; supplies also about 11, 000 people outside the city limits.
Total population supplied, about 33, 000.

Source: Coastal streams: Laguna Creek, Majors Creek, and Liddell Creek (57
percent of supply); San Lorenzo River (39 percent of supply); 3 wells each 100
ft deep (4 percent of supply).

Treatment: San Lorenzo River: prechlorination, activated carbon, pressure £il-
tration, and postchlorination. Coastal streams: chlorination. Wells: chlo-
rination, and addition of Calgon for stabilization.

Rated capacity of treatment plant: 6,750, 000 gpd.

Raw-water storage: None.

Finished-water storage: Reservoirs and tanks, 45,800, 000 gal.

Water from the coastal streams flows by gravity to Santa Cruz. San Lorenzo

River water is first treated, then pumped to the system.

ANALYSES

(Analyses, in parts per million, by California State Dept. of Public Health)

San Ii..‘?é}gnzo SanRI;‘(,)erIgnzo Bay Street
(raw water) |{finished water)] Reservoira
“Silica (5i0) ...... veeseens ceserensen . - -- --
Iron (F€) covvrnrecevecnans . . .1 -- --
Manganese (Mn) .0 -~ --
Calcium (Ca) ++++ee 33 37 55
Magnesium (Mg)...ccceecerncenananas i1 6.8 5.1
Sodium (Na)........ ceeeeseasarnrees 22 20 12
Potassium (K) ...ceeeeeeeen -- -- --
Carbonate (COy) .cvceererrrsernnnosee 0 0 0
Bicarbonate (HCQy)... 110 126 177
Sulfate (SO hueeveeererees 56 26 24
Chloride (Cl).... . veewe 20 24 12
Fluoride (F) cccoeeececrenenes cereseses .0 .2 .0
Nitrate (NOy) ...... crerasncaens 1.5 .0 .9
Dissolved solids ........ veererienes b 198 202 220
Hardness as CaCO,:
Total ceverearennen 128 123 160
37 20 15
7.6 7.9 7.6
Specific conductance
{micromhos at 25 C.)...ceeneres -- 347 370
Turbidity .cuveeecreiraes cavene cuosrens -- <1.0 <1.0
Temperature (F, ) cccceeeee -- - -
Date of collection ......... Jan. 30, 1951 | Oct. 16, 1951 | Oct. 16,1951

"2 Copastal streams (fmlshed water)
Sum of determined constituents.
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SANTA MONICA
(Population, 71,595)

Ownership: Municipal.

Source: Colorado River distributed by the Metropolitan Water District of Southern
California, 91 percent of supply; 95 percent in 1952 (see Los Angeles); 8 wells
ranging in depth from 250 to 468 ft, 9 percent of supply. The reported yield of
the wells is from 500 to 1,750 gpm. Emergency supply from Southern’ Calif-
ornia Water Co.

Treatment: Colorado River water is softened and filtered by the Metropolitan
Water District of Southern California. The well water is not treated.

Raw-water storage: --

Finished-water storage: 20,000,000 gal.

ANALYSES

1, (Analyses, in parts per million, by California State Dept. of Public Health)

Well1 | Well 2 Well 1 Well 2
Silica (SiOp) ....u.. 14 -- ||Hardness as CaCOj,:
Iron (Fe) cceeernvecnncn .00 .0 Total sevessecnsnrosee 291 295
Manganese (Mn) ..... .00 .0 Noncarbonate...... 109 136
Calcium (Ca) ..c.evee. 64 66
Magnesium (Mg) ,,,,, 32 33 COlOr scessessecsescensee — -
Sodium (Na) corereeee| 49 44 ||PH o 7.0 7.1
Potassium (K) ....... 1.3 -- || Specific conductance
Carbonate (COy) ..... - 0 (micromhos at
Bicarbonate (HCOy) 222 201 . 725 --
Sulfate (SO,) «ceceeen. 119 138 Turbidity .coceeveeenee <1 -
Chloride (Cl) .ccvuuee. 53 42 Temperature (F.)... -- -
Fluoride (F) cccoveanee .3 . 4 || Date of collection... |Sept.25, | Sept. 25,
Nitrate (NO,) ...eeuse. 20 2.4 1951 1951
Dissolved solids.....| 485 493
Depth (feet) .....cviiieiiniiiiiiniireiinsioniicienincecsneenss veseesenanns 250 250
Diameter (inches)......... veverseracnns cerrresneons veeserens cersiresieennas 16 16
Date drilled ......ccc.ccoeceieiecnsenionennneronnceenens eseceensserrasnn 1920 1940
Percent of SUPPLY cuiciiiiiieiiniiiiiiiiieieciiniiiciirsiseiarasasesernans - --

SANTA ROSA
(Population, 17,902)

Swnership: Municipal; supplies also about 12, 000 people outside the city limits.
Total population supplied, about 30, 000.

Source: 7 wells (2 to 6, Peters Springs well, and Ralphine well) 900, 300, 1,000,
290, 915, 139, and 846 ft deep, 67 percent of supply; Santa Rosa Creek and
MacRae Springs, 33 percent of supply. The yield of the wells is reported to
be 380, 325, 950, 250, 1,500, 575, and 450 gpm. Water from Santa Rosa
Creek and MacRae Springs is stored in Lake Ralphine. Water from Peters
Springs and Ralphine wells is pumped into Lake Ralphine during the summer
months.,

Treatment: Wells 2 to 6: aeration and polyphosphate (Calgon) for iron and man-
ganese control, chlorination, and dechlorination by sulfur dioxide. Lake
Ralphine: chlorination after long storage.

Rated capacity of treatment plant: 6,500, 000 gpd.

Raw-water storage: Lake Ralphine, 135,000, 000 gal.

Finished-water storage: Reservoirs, 2,800,000 gal.
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SANTA ROSA--Continued

(Analyses, in parts per million, by Brown and Caldwell, San Francisco)

Peters Finished
Well 4 Well 6 Springs Lake water
Well Ralphine | (city tap)
Silica (SiOp) cevererrernernn 93 89 95 38 84
Iron (Fe) cveveceancss veviee .33 .27 .33 . 52 .27
Manganese (Mn) ..... .09 .07 .10 .03 .18
Calcium (Ca) ...ecevennneee 28 29 34 22 30
Magnesium (Mg).......... 18 18 - 21 19 18
Sodium (Na) ...... cereeeene
Potassium (K) . ........ } 59 67 64 25 58
Carbonate (CQg) .......... 0 0 0 14 0
Bicarbonate (HCO,)...... 285 290 346 168 280
Sulfate (SO,) ....covrvannens .9 9.9 2.9 7.0 8.8
Chloride (C1) ccceinerneanns 27 28 16 11 25
Fluoride (F) ........ cerrnee -- -- -- -- --
Nitrate (NO) ..eevuvnenenn. .0 7.0 1.0 3.1 1.5
Dissolved solids ......... 366 391 405 222 364
Hardness as CaCO,:

Total.covierecnnannss 144 147 171 133 149
Noncarbonate 0 0 0 0 0
(8163 o) N 0 -- 0 5 -
[+) ; SRS 8.0 7.4 8.1 8.4 7.5

Specific conductance

{micromhos at 25 C.) 550 479 610 334 486
Turbidity cceeveceercennnnes 2 - 0 7 -
Temperature (F.)........ -- - -- -- -
Date of collection ........ Jan. 19, | Aug. 31, | Jan. 22, |Feb. 10, Sept. 19,

1948 1950 1948 1949 1950

Depth (feet) ............... 1,000 915 139
Diameter (inches)........ 16-10 16 8
Date drilled ............... 1940 1950 1923
Percent of supply ........ - - -

SOUTH GATE
(Population, 51, 116)

Ownership: Municipal.
Source: 17 wells ranging in depth from 551 to 1,600 ft. The reported yield
of the individual wells is from 400 to 1,900 gpm. There are emergency cross-
connections with the Huntington Park and Walnut Park systems. .
Treatment: None.
Storage: 1,300,000 gal.

Analyses of samples from the other wells show that they furnish water of about
the same chemical composition as those for which analyses are given.
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SOUTH GATE--Continued
ANALYSES

(Analyses, in parts per million, by Smith Emery Co., Los Angeles, Calif. )

Well 5 Well 15 Well 17 | Well 18 Well 20

Silica (SiOp) cevesrvrererenns 16 14 13 12 14
Iron (Fe) cccvvvevvnrnennnses - - - - -
Manganese (Mn) .......... -- -- -- - --
Calcium (Ca) .....evvueneen 55 68 60 63 62
Magnesium (Mg).......... 8.9 18 18 12 14
Sodium (Na) ......c.ceeeee 47 46 46 29 34
Potassium (K) . ........... - - - - -
Carbonate (CQy) .......... 0 0 0 0 0
Bicarbonate (HCO,)...... 213 238 244 238 219
Sulfate (80,) ..cccovvaranens 59 103 64 37 73
Chloride (Cl) .....ccveuen. 28 32 41 26 23
Fluoride (F) ........ veveees -- - -- -- --
Nitrate (NOy) vevveeerennnns - - - -- -
Dissolved 2?>nds ......... 2319 2398 2362 2296 3328
Hardness as CaCQ,:

Total.iciiiiererarenanensas 174 246 225 208 214

Noncarbonate -..eccceeee 0 48 24 12 32
COlOT ..civvirnrscenrenconnse -- - - - -~
4 & SN 7.4 7.6 7.8 7.5 7.8
Specific conductance

(micromhos at 25 C.) 500 600 570 450 520
Turbidity ........ reeeees -- - - -- -
Temperature (F.)........ - - - - -
Date of collection ........ Nov. 2, | Nov. 2, Nov. 2, | Nov. 2, Nov. 2,

1950 1950 1950 1950 1950

Depth (feet) ............... 1000 700 551 792 1,400
Diameter (inches)........ 12 12 16 18 18
Date drilled ............... 1923 -- 1931 1945 1949
Percent of sppply ........ - -- - -- -

2Sum of determined constituents.

SOUTH PASADENA
(Population, 16,935)

Ownership: Municipal.

Source: 6 wells (Wilson 1 to 3, Graves 1 and 2, and Orange Grove) 500, 525, 984,
500, 738, and 232 ft deep, respectively; yield reported to be 900, 1,030, 3,000,
900, 3,000, and 300 gpm. Emergency supply from Pasadena. (See Pasadena.)

Treatment: None. )

Storage: Reservoirs and tanks, 10,200,000 gal.
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SON'TH PASADENA--Continued

ANALYSES
(Analyses, in parts per million, by California State Dept. of Public Health)
Wilson Wilson Wilson Graves Graves
well 1 well 2 well 3 well 1 well 2
ST (ToN N 32 32 32 28 33
Iron (Fe) ......... ceresneene .03 .04 .05 .02 -
Manganese (Mn) .......... - - -- — -
Calcium (Ca) ............ o 40 39 38 48 42
Magnesium (Mg).......... 10 9.3 11 11 10
Sodium (Na) ...cvevnsenene 29 28 29 25 24
Potassium {K) ......eeuue. 3.9 2.4 3.0 -- 3.5
Carbonate (CO,) - —— - - -
Bicarbonate (HCOy)...... 136 173 161 151 149
Sulfate (80,) ...... voraesnae 21 21 22 18 21
Chloride {Cl) .cievecrennns 20 18 1M 36 26
Fluoride (F) ........ creennn .5 .5 .6 .5 .4
Nitrate (NQy) ....... PRI 55 18 28 23 9.7
Dissolved solids ......... 300 264 270 292 268
Hardness as CaCQ,:
Total..... seseseccisrrveres 141 136 141 166 146
Noncarbonate «s-sssseuee 29 0 9 42 24
Color ...... 0 0 — 0 0
PH....... erstesresrasstonsren 7.8 8.1 7.9 8.1 8.2
Specific conductance
{micromhos at 25 C.) 400 3617 380 416 370
Turbidity ........ RPN 1.0 1.5 1.7 0.0 0.0
Temperature (F.)........ - -- -- -- --
Date of collection ........ Apr. 24, | Apr. 24, |Apr. 24, Apr. 19, Apr. 19,
1951 1951 1951 1951 1951
Depth {feet) ............... 500 525 984 500 738
Diameter (inches)........ 16 26 24 16 20
Date drilled ............... 1910 1924 1950 | a1890 1949
Percent of supply ........ - . -~ - -

4 Drilied about 1890.

SOUTH SAN FRANCISCO
(Population, 19,351)

Ownership: California Water Service Co. ; supplies also about 175 people outside
the city limits. Total population supplied, about 19, 500.

Source: Crystal Springs Reservoir, 52 percent of supply (see San Francisco);
9 wells (1-02, 1-04, 1-09, 1-14 to 1-19) 196, 271, 276, 547, 539, 589, 478,
575, and 528 ft deep; yield reported to be 140, 160, 140, 150, 475, 300, 400,
70, and 70 gpm. The wells furnish 48 percent of the supply.

‘Treatment: Chlorination.

Raw-water storage: --

Finished-water storage: Reservoirs and tanks, 4,640,000 gal.
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SOUTH SAN FRANCISCO--Continued

ANALYSIS
(Analysis, in parts per million, by California Water Service Co., San Jose, Calif.)
Composite Composite
sample sample
(city tap) (tity tap)

Silica (8i0,) .ccevenrrnnnnen 29 Hardness as CaCQy:
Iron (F€) ...c.cccevvnernnenn . 04 Total covveriniaieianncnnnes 128
Manganese (Mn) .......... - Noncarbonate ...... veens 20
Calcium (C2) ..ccvvvrvnnees 16
Magnesium (Mg) ......... 21 COLOT iuvuininranrenncecrannans -
Sodium (Na) ....c.ceveeeens 42 pH ..... tessecesutasesncerasncane 8.3
Potassium (K) ............ --|| Specific conductance
Carbonate (COy) .......... 2 (micromhos at
Bicarbonate (HCO;) ..... 126 25 C.)everearerenennicnnne 448
Sulfate (8O,) .ceeveiecennnee 37 Turbidity ...c.ccovvievennanns 0
Chloride (CI) ......cceuuun. 49 Temperature (F.)..ccc.e... -
Fluoride (F) ..ccccvvvvnnnnns --|| Date of collection ......... 1950
Nitrate (NOg) ...eovveveenen 6.8
Dissolved solids ......... 29257

2 Sum of determined constituents.

STOCKTON

(Population, 70, 853)

Ownership: California Water Service Co. ; supplies also about 26, 000 people out-
side the city limits. Total population supplied, about 96, 900.

Source: 37 wells ranging in depth from 198 to 1, 050 ft.

Treatment: 7 wells at Station 1: aeration, chlorination, and Calgon. Water from
all but 5 wells is chlorinated,

Rated capacity of treatment plant: 6,000,000 gpd.

Raw-water storage: None.

Finished-water storage: Reservoirs and tanks, 4,830, 000 gal.

ANALYSES
(Analyses, in parts per million, by California Water Service Co., San Jose, Calif.)
Well wen | wen [Remgect |,
1-09 18-01 22-01 {stituents?

Silica (8i0g) cevverercnnenens 54 43 47 40 - 64 49
Iron (Fe) ......... veeerenen .08 .04 07| .00 - .34 .08
Manganese (Mn) ......... . .14 .08 .14} .00 - .72 .09
Calcium (Ca) ....ceveuvennn 38 10 22 4.0 - 93 20
Magnesium (Mg).......... 20 4.9 5.9 | 2.9 -52 10
Sodium (Na) .......... 71 31 71 15 - 227 65
Potassium (K) . ....c....e. - -- el e -- -
Carbonate (CQ,) .......... -- -- -] - -- --
Bicarbonate (HCO,)...... 160 118 163 115 - 219 164
Sulfate (SO,) ...corverencees 3.8 3.4 2.4 .5-12 4.0
Chloride (Cl) ... o~ 134 6 67 6 - 410 63
Fluoride (F) .. - -- EEl BT --
Nitrate (NOg) ..ocvervennnas b 6.8 b -1 b -6 .0 -14 2.6
Dissolved solids ......... 408 158 298 158 - 828 296
Hardness as CaCO,:

Total .ccovenness 176 44 8 22 - 446 91

Noncarbonate 46 0 0 -- -- 0

2 Based on 37 analyses (1 analysis from each well) 1951.
bSum of determined constituents,
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STOCKTON, Analyses;-Continued

Range of
Well Well Well ‘Cc;gn- Mean 2
1-09 18-01 22-01 stituents @
Color ..civeveninnenn, ceereens - - PR B, — --
4] ; SN 7.8 7.9 8.0| 7.5 -8.6 8.0
Specific conductance
(micromhos at 25 C.) 715 211 475 211 - 1595 471
Turbidity .coececeeveniennns - Y R - -
Temperature (F.). . - =] -- - -
Date of collection ........ July 21, | July 21, 1951 1951
1951 1951
Depth (feet) ............... -- 408 420
Diameter (inches)........ 30 30-16 30-16
Date drilled ............... -- 1947 1949 |
Percent of supply ........ - - -

2 Based on 37 analyses (1 analysis from each well) 1951,
TORRANCE
(Population, 22,241)

Ownership: Municipal; supplies also about 4, 200 people outside the city limits.
Total population supplied, about 26,400.

Source: 3 wells, 570, 540, and 492 ft deep (60 percent of supply); Colorado River.
distributed by the Metropolitan Water District of Southern California, 40 per-
cent of supply; 58 percent in 1952. (See Los Angleles.) The yield of the wells
is reported to be 1,350, 1,350, and 950 gpm.

Treatment: Well water is chlorinated. Colorado River water is softened and fil-
tered by the Metropolitan Water District of Southern California.

Storage: 2,320, 000 gal.

.. ANALYSES ;
(Analyses, in parts per million, by Montgomery & Pomeroy, Los Angeles, Calif.)
Well 1 Well 2 Torrance
Well 1
Silica (Si0,) ........ ceresesnseererees - - 24
Iron (Fe) cecvieencnravsncrranevinnnes .30 .25 .25
Manganese (Mn) .......ceeeenee recens - - 0
Calcium (Ca) «sveveees cesesrcessscenes 36 33 39
Magnesium (Mg)....ccoeueneee vevenes 15 14 14
Sodium (Na)...eeeerseenennns [T 73 75 69
Potassium (K) cceeaeeneanranns ceensae 7.1 7.9 6.3
Carbonate (CQy) ....... 0 - 0
Bicarbonate (HCOg)...c0eenererusnne 267 272 242
Sulfate (SO)..uceeneees .0 .0 7.3
Chloride (ClI) coocvvvcicasrnieneee . 68 63 8
Fluoride (F) ..ccceenveennenn vevernrens - _— )
Nitrate (NOg) .ucuriucencannnens ceeanes .0 -- -
Dissolved solids ..... veevre crrnas 233y 397 2357
Hardness as CaCOj:

Total cevececevrcennncns seseassenarene 150 143 154
Noncarbonate .......... sesescocnas 0 0 0
[0+ 1) O Y - - -
j¢) s RN srvaccssacansscasosence - - 7.7

Specific conductance

(micromhos at 25 C.)...eeerenes - - -
Turbidity ..ceeeeeees e . 0 0 0
Temperature (F,)-ccoeee - -- --
Date of colleetion «vieveseeuvennen.os| Feb. 15, 1947 | Feb. 15, 1947 | Nov. 12, 1948

2 Sum of determined constituents.
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TORRANCE, Analyses--Continued
Torrance
Well 1 Well 2 District
Well 1
Depth (feet) ........coveviniiniinnennns 570 540 492
Diameter (inches)....c.ccceeeveenen 16 16 14
Date drilled ........cevvvvieinninncnes 1935 1935 1936
Percent of supply ...c.cceeeniiennnnn - -- -
VALLEJO

(Population, 26, 038)

Ownership: Municipal; supplies also about 44, 350 people outside the city limits.
Total population supplied, about 70,400.

Source: 61 percent of the supply is obtained from East Bay Municipal Utility Dist-
rict (see Oakland). Surface waters impounded in reservoirs: Gordon Valley
Creek (26 percent of supply), Green Valley Creek (13 percent of supply).

Treatment: Water from East Bay Municipal Utility District treated by the District
(see Oakland). Local supply: prechlorination, coagulation with alum, sedi-
mentation, activated carbon, postchlorination, and lime for pH control.

Rated capacity of treatment plant: 5,000,000 gpd.

Raw-water storage: Reservoirs, 6,053, 600, 000 gal.

Finished-water storage: 49,000,000 gal.

ANALYSES
(Analyses, in parts per million, by City of Vallejo, Calif.)
Green | Gordon Green | Gordon
Valley_ | Valley Valley_ | Valley
Creek % | Creek # Creek? | Creek?
Silica (Si0p) ..eeesvens 28 - 5.0 [[Hardness as CaCOy:
Iron (Fe) ceucevennees . .0 .0 Total seeeecceccsnonee 29 170
Manganese (Mn)..... .0 .0 Noncarbonate...... 0 29
Calcium (Ca) .vevveeas 6.0 41
Magnesium (Mg)..... 3.0l 17 COlOT-ecesececererernence 10 5
Sodium (Na) ......... . ’ PH . vverrniiiininennnnes 7.7 7.9
Potassium (K) ....... } 10 27 Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOy) 37 183 25 C.)ueecnnen vesees _— _—
Sulfate (SO,) .vovvenree 10 65 Turbidity ..oceeeeeeeeee 10 25
Chloride (C})... 8 11 Temperature (F.)... - -
Fluoride (F) .......... .0 .0 ||Date of collection... June June
Nitrate (NOy) ...... 1.0 .0 1950 1950
Dissolved solids..... 90 263
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
(ppm) (ppm)
Av|Max| Min| Av [Max| Min| Av |Max| Min | Av|Max| Min
Raw water......... —~ [ --] - [7.0[8.2[5.6] 80 |110 [60 | 20 [400] 10
Finished water...| -- | -- | -- |7.4 | 7.4 7.4| 80 |[110 | 60 2 5/ 0

* 2Raw water.
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VENTURA
(Population, 16,534)

Ownership: Municipal; supplies also about 4, 000 people outside the city limits.
Total population supplied, about 20, 500.

Source: 6 wells: 3 wells (Pierpont 1 and 2, and Chrisman 2) within the city, 1,400,
1,574, and 1,632 ft deep. The yield of the wells is reported to be 1,300, 2,200,
and 2,200 gpm; 3 wells (Casitas 1, Nye 1, and Nye 2) near the Ventura River,
75, 64, and 70 ft deep. The yield of these wells is reported to be 750, 600, and
400 gpm. Auxiliary supply from the Ventura River when there is a flow of wa-

ter with low turbidity. This source is usually a very small part of the total.
Emergency supplies from Mound Water Co., Saticoy Water Co., and Montalvo

Mutual Water Co.

Treatment: Wells: aeration and zeolite softening. River: Zeolite softening and

dual chlorination.

Rated capacity of treatment plant: 11,000, 000 gpd.
Raw-water storage: 11,000,000 gal.
Finished-water storage: 16,000,000 gal.

ANALYSES

(Analyses, in parts per million, by Pomeroy and Associates, Pasadena, Calif.)

Pierpont Chrisman Casitas
Well 2 Well 2 Well 1
“Silica (S10,) crvvveerenreneensseseenaee 42 39 16
Iron (Fée) coieviniecnenn crrntenessnnanes 1.2 1.5 .2
Manganese (Mn) ...... seavens veereaee - - --
Calcium (Ca) +eeereserescrtsacinsace 159 165 109
Magnesium (Mg)...... vesesnee vernses 47 47 47
Sodium (N@)..ceeererererecanannane 155 147 46
Potassium (K) ..... 6.1 6.0 2.0
Carbonate (COy) ....... crrereraenanae -- -- -
Bicarbonate (HCOg)..ccvvurnnrne 392 371 289
Sulfate (SOp.e.ceeeernee PP 484 500 264
Chloride (Cl)......... cereenrersens e 71 71 48
Fluoride (F) c.ccecvrrirnrccerccennnens .3 .3 -
Nitrate (NOy) ......... N -- -- --
Dissolved SOlidS ..cvvuueerersrreases 21,160 21,160 2675
Hardness as CaCO,:

Total ceevreireeennnnnes ceesnsenee 591 606 467
Noncarbonate cevveeeerecseccenees 269 301 228
(61014} SRR ceerenrene -- -- --
pH....... teresistenessnnsen seseresnnnns . 7.4 7.5 7.2

Specific conductance

(micromhos at 25 C. )iccevernene - -- -~
Turbidity oeoeieeeieiane vennens -- - --
Temperature (F.) ... eecsescacianen A - - --
Date of collection «eeivvesiaeeeee..s| Atig. 28, 1951 | Aug. 28, 1951 § Sept. 30, 1949
Depth (feet) ......cccevvevnirincennnnns 1,574 1,632 75
Diameter (inches)...... vereen 16-12 16-12 18
Date drilled .......cc........ 1949 Mar. 1948 1924
Percent of supply .......ccoeuiennns - -- -—-

2Sum of determined constituents.

3
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WHITTIER
(Population, 23, 820; special census 1952, 29, 265)

Ownership: Municipal.

Source: 8 wells (1, 5, 7, 8, 9, 10, 11, 12) 434, 680, 1,000, 302, 664, 808, 837,
and 656 ft deep; yield reported to be 800, 1, 800, 2,200, 2,800, 3,750, 2,500,
4,200, and 1,400 gpm.

Treatment: None.

Storage: Reservoirs, 18,400,000 gal.

ANALYSES

(Analyses, in parts per million, by Truesdail Laboratories Inc., Los Angeles)

Well 5 Well 7 Well 8 Well 9 Well 11
Silica (SiOp) .ecevrencrnennes 25 14 18 16 20
Iron (Fe) ceveninnnnne venees - - - - -
Manganese (Mn) .......... - - . - -
Calcium (Ca) ...ccceuennene 83 61 63 44 33
Magnesium (Mg) .......... 16 13 9.5 6.0 3.8
Sodium (Na) ......ceveenene 34 20 13 12 22
Potassium (K) .......... . -- -- -- - -
Carbonate (COy) 0 0 0 0 0
Bicarbonate (HCO;) ...... 257 219 206 159 144
Sulfate (SO,) ..oueeees vevers 101 40 24 1.9 .0
Chloride (Cl) .ccvevennnnn. 18 17 18 20 15
Fluoride (F) ........ arerens - -- - -- --
Nitrate (NOQy) ....... veeesen a 1.4 4.5 8.2 .0 a 2.2
Dissolved solids ......... 405 a277 2955 3478 167
Hardness as CaCOy:

Total ..... cercererticacnens 275 205 196 134 97
Noncarbonate «++seeeeeee 62 26 27 4 0
COlOr .vvivnrianrnnenans -- -- - -- -
53 & SN 7.2 7.2 8.0 7.9 8.1

Specific conductance

(micromhos at 25 C.)} 672 453 406 291 297
Turbidity .ucevercesnceienens -- -- - -- --
Temperature (F.)........ -- -- -- -- ==
Date of collection ........ May 21, | Jan. 18, | Jan. 18,| Jan. 18, | Jan. 18,

1951 1951 1951 1951 1951

Depth (feet) ............... 680 1,000 302 664 837
Diameter (inches)........ 26-18 18-14 24 24 20
Date drilled ............... 1922 1930 1931 1933 1948
Percent of supply........ -- -- - - -~

2Sum of determined constituents.
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AURORA, COLORADO
{Population, 11,421)

Ownership: Supplied by Denver; also supplies 50 people outside the city limits.
Total population supplied, 11,471. (See Denver.)

BOULDER
(Population, 19,999)

Ownership: Municipal; also supplies about 5, 000 p'eople outside the city limits,
and Public Service electric plant. Total population served, about 25, 000.

Source; A series of nine natural lakes, some of which are enlarged by dams,
fed by melting Arapahoe Glacier, approximately 18 miles west of the city.
The water flows from Silver Lake, the lowest reservoir in the mountain
system, to foot of Arapahoe Falls; thence it is conveyed by pipeline to
Lakewood Reservoir, the control reservoir for the city, 13 miles away;
from this reservoir the water is conveyed to two distribution reservoirs at
the city limits.

Treatment: None,

Storage: 1,666,000,000 gal.

ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)

City tap City tap

Silica (S10,) ...ceevrvvreanne 6.2 || Hardness as CaCQy:

Iron (Fe) ..vvecevenenennnns . 03 Total vevveenrnrorienncaninns 11
Manganese (Mn) .......... .00 Noncarbonate ............ 0
Calcium (Ca) .............. 4.0

Magnesium (Mg) ......... .1 ][ COLOr wieiiiiaiiininiiaaaane 29
Sodium (Na) ............... 1.0 ||pH..... eerettrerirscnteacerianes 6.8
Potassium (K) ............ .3 Specific conductance

Carbonate (CO4) 0 (micromhos at

Bicarbonate (HCO,) ..... 14 25 C.)ovencernracrennenncans 31.7
Sulfate (SO,) ..evvvereeennan .5 || Turbidity ...ceccceccnennane. 0.8
Chloride (C1) ...cocvvveneen .5 || Temperature (F.)..ccce.... 65
Fluoride (F) ...... .1- || Date of collection ......... May 23,
Nitrate (NOy) ....cccuvn... 1.0 1951

Dissolved solids 26

COLORADO SPRINGS
(Population, 45, 472)

~Ownership: Municipal; also supplies 5, 000 people outside the city limits; 5,000
to 25,000 at Camp Carson and Peterson Field, Total population supplied,
55,000 to 75,000,

Source: Streams and impounding reservoirs above 9, 000 ft in elevation, on north
slopes of Pikes Peak; Fountain Creek, auxiliary supply. Fountain Creek
water is blended with the regular supply.as needed, depending on the amount
of snowfall on the watershed of the regular supply.

Treatment: Chlorination and ammoniation for the regular supply; coagulation with
alum and lime, copper sulfate, sedimentation, rapid sand filtration, and
chlorination for the auxiliary supply.

Rated capacity of treatment plant: 25,000,000 gpd; auxiliary supply, 5,000,000
gpd.

Raw-water storage: Reservoirs, 4,830,000,000 gal.

Finished-water storage: 3,000,000 gal,

The water flows by gravity to the distribution system. A part of the supply is
diverted for the generation of electric power, The supply from Fountain
Creek is pumped as needed,
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COLORADO SPRINGS--Continued
ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Regular suppl ini
Finished wates | Raw waterd aiored
“Silica (S103) -.oovveeereens rereeeerees 8.4 15 14
Iron (FE) cuveerrecresnssceensneroonnces .4 .02 .01
Manganese (Mn) ....ceveeeeneconncne .00 .00 .00
Calcium (Ca) esesrccecncnstnssnsrranes 6.0 46 50
Magnesium (Mg)...c.oeeeeennrennnene .9 9.5 9.1
Sodium (Na)....vererenseecenseerrnnne 26 26
Potassium (K) .ccevecrvecrareccennces } 5.1 { 4.2 4.0
Carbonate (CQy) ....... rersresereares 0 0 0
Bicarbonate (HCOg)....0otusrenenees 18 205 202
4.0 20 26
2.5 15 17
2.5 3.0 3.0
Nitrate (NOy) .uverereerererereecans . .9 2.4 2.1
Dissolved s0lidS ...vieanreeciceeens 33 244 255
Hardness as CaCOq:

Total ..covvvernrnnnnens ceresrasenns . 19 154 162
Noncarbonate ......... ceewtersenne 4 0 0
Color...c.vevveneee teesrenrtarceransenes -- 3 1
PH.ooviiinninran ceaerestsrasenesssanes . 7.4 8.1 8.3

Specific conductance
(micromhos at 25 C. )..cevuernes 50.9 411 426
Turbidity............ tee serneerrnsiaes -- 4 0.8
Temperature (F,)«cececesen FTTTTTTPN -- 56 60
Date of collection seereersunese eccoo| APT. 12, 1950 | May 25, 1951 | May 25, 1951
2 Fountain Creek, auxiliary supply.
' DENVER

(Population, 415, 786)

Ownership: Municipal; supplies also Aurora, Edgewater, Englewood, Fort Logan,
Mountain View, Sheridan, and other communities in the metropolitan area.
Total population supplied outside the city limits, about 77,000, Total pop-
ulation supplied, about 493, 000.

Source: South Platte River (35 percent) and tributaries, Bear and Cherry Creeks,
and infiltration galleries along Cherry Creek (3 percent); Fraser River and
tributaries (19 percent); storage, South Platte and Fraser Rivers (43 percent).

Treatment: Kassler plant at Waterton (South Platte River water): coagulation
with alum when necessary, slow sand filtration, and chloramine. Marston
Lake plant, south side (South Platte- River water), Marston Lake plant, north
side (South Platte River water), and Moffat plant (Fraser River water): co-
agulation with alum, or sodium aluminate and alum, or lime and alum, act-
ivated carbon when necessary for taste and odor control, rapid sand filtra-
tion, and chloramine. Infiltration galleries (Cherry Creek), chlorination
only. Copper sulfate is applied to raw-water reservoirs directly supplying
treatment plants, when necessary, for algae control.

Rated capacity of treatment plants: Kassler (slow sand filters), 30, 000, 000 gpd;
Marston Lake (south side), 21,000,000 gpd; Marston Lake (north side),

64, 000, 000 gpd (anthracite filters); Moffat, 56,000, 000 gpd; chlorinators
(infiltration galleries), 6,000, 000 gpd.
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DENVER--Continued

Raw-water storage: South Platte sources, storage and operating reservoirs,
69, 915, 000, 000 gal; Moffat diversion sources, operating reservoirs,
3, 503, 000, 000 gal; Soda Lakes (Bear Creek) and Long Lake (Moffat diversion),
operating and storage reservoirs, 665,000, 000 gal. Total raw water storage,
74,083, 000, 000 gal.

Finished-water storage: 121, 000, 000 gal.

South Platte River water is impounded or stored in Antero Reservoir, Eleven
Mile Canyon Reservoir, Lake Cheesman, and Marston Lake. Bear Creek
water is diverted near Morrison into Harriman Lake and Soda Lakes and
thence to Marston Lake. Cherry Creek water is collected through the infil-
tration galleries. Fraser River water is brought from beyond the continental
divide by the Moffat Tunnel, about 25 miles northwest of the city, into South
Boulder Creek and from there by conduit into Ralston Creek Reservoir, a
storage reservoir mainly for winter use (summer demands are supplied by
direct diversion). Water from Ralston Creek Reservoir is brought by con-
duit to the Moffat treatment plant, 33 miles west of the city.

Under normal conditions water is drawn directly from the streams and storage
is drawn upon only when the requirements are too great to be supplied by
Jdirect withdrawal,

ANALYSES
(Analyses,in parts per million,by Denver Water Department)

South Platte River (finished water) |Infiltration
galleries
Maximum | Minimum Average Cherry Cr.
Silica (S10,) ......... 7.4 4.5 6.5 30
Iron (Fe)eciecincrusasnncarinennees -- - -~ --
Manganese (Mn) ...cceeieeranrens -- -- -- --
Calcium (Ca)....... . 39 32 34 61
Magnesium (Mg) .. . 14 12 13 9.5
Sodium (Na)....... srsesense 33 26 27 48
Potassium {(K) .......... -- .- -- --
Carbonate (COQ ..covueerrrnnenn. -- - -- -
Bicarbonate (HCO,).... 122 102 112 202
Sulfate (SO, «+«+e- . 56 49 52 83
Chloride (Cl)............ 51 32 40 22
Fluoride (F) ..... . 1.0 .8 .9 .6
Nitrate (NOD) .eeervreeeccarersen .5 .2 .4 14
Dissolved SolidS ....ccecveenenas - -- - -—-
Hardness as CaCOj:

Total cevveereensnsesessosnaccenes 156 129 139 192
Noncarbonate ...cccececnianes 55 46 46 . 26
Color.iiasernreens eeene nnens - - - --
pH..... eresesse sreeens secencssasen -- -- -- --

Specific conductance
(micromhos at 25 C.) ...... 455 401 423 --
Turbidity ccceeveeeenneenns -- -- -- --
Temperature (F.) ..... vese -- -- -- --
Date of collection..ccceseeee. 1950 1950 1950 [June 4, 1951
Regular determinations at treatment plant, 1950 2
Alkalinity Hardness
as CaCoO, pH as CaCoO, Turbidity
(ppm) (ppm) .
Av | Max| Min| Av |Max|Min | Av | Max| Min| Av { Max| Min
Raw water......... 92| 94| 78 18.3 (8.6 7.9(127 |154| 92 4.6 12 2.0
Finished water.,.| 88| 94| 70 {8.0/8.5} 7.5(127 {154 92 [1.7/2.8 1.0

2 Marston Lake, north side.
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Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCO, pH as CaCOq, Turbidity
(ppm (ppm)
Av| Max|{Min| Av |Max|Min| Av | Max|Min | Av |Max| Min
Raw water3......| 92 95|90 |8.0 |8.5(7.7 ] 145]| 150|140 | 5.9 | 12| 2.3
Finished waterd,| -- --|--|7.7}8.0]7.3 -- --| == 11.3] 4.0] 1.0
Raw waterb....... 931104 (68 (7.6 | 8.1]7.4 | 147| 169} 102 13.6 | 28] 4.0
Finished waterb] 85 107 |66 |7.7 | 8.0(7.0| 133} 171 88 | 1.0 1.0[ 1.0
a Marston Lake, south side.
b Kassler slow-sand filters.
ANALYSES
(Analyses,in parts per million,by Denver Water Department)
Fraser River (finished water)
Maximum Minimum Average
Silica (Si0p) ..cceverevrrcenraaee 8.0 7.0 7.5
Iron (Fe) ...... cresensssrssasessartass -- -- --
Manganese (Mn) . creeerenes -- -- --
Calcium (Ca) ceeeres cvesanassssee 21 11 14
Magnesium (Mg)...... cenvanens 5.1 1.8 2.9
Sodium (Na).......... 7.2 2.7 4.7
Potassium (K) ... - - --
Carbonate (COy) ........ . -- - -
Bicarbonate (HCO,) 61 26 39
Sulfate (SO .ceueerecrransreressaenace 36 19 24
Chloride (Cl)..... ceettacsececarens vee 1.0 .5 .9
Fluoride (F)......... ceacesarenaranane .2 .1 .1
Nitrate (NOg) .vevecrsrecsssasrareones .3 .2 .2
Dissolved solids ...ecveeeeee. - -- ~-
Hardness as CaCO,:

Total ......... ceressntaens ceensensens 73 35 48
Noncarbonate ....eeecssesescnnees 23 14 14
COlOr cuuvreernrniacrnnes seesesetesnsnnes -- .- --
pH........ ceecensesinces ceesersesascanes -- - -

Specific conductance
(micromhos at 25 C. )...cceuurene 1217 92 106
Turbidity .....c.... -- -- --
Temperature (F.)- -- -- --
Date of collection .... 1950 1950 1950
Regular determzmtwus at treatment plant, 1950
Alkalinity Hardness
as CaCoO, pH as CaCO, Turbidity
(ppm (ppm)
Av| Max{Min| Av [Max{Min{ Av | Max{Min | Av {Max| Min
Raw water......... 37| 74| 16| 7.418.2]6.5] 53| 150] 20|25 (95 |11
Finished water..| 35] 62 | 16 | 7.4} 8.6} 7.1 61| 154| 20 .9 2.5 .4
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ENGLEWOOD
(Population, 16,869)

Ownership: Supplied by Denver. (See Denver. )

FORT COLLINS
(Population, 14, 937)

Ownership: Municipal; also supplies 4, 000 people outside the city limits, Total
population supplied, 18, 937,

Source: Cache La Poudre River. The treatment plant is located 16 miles north-
west of Fort Collins, on the Cache La Poudre River,

Treatment: Sedimentation, rapid sand filtration,and chlorination,

Rated capacity of treatment plant: 9,000, 000 gpd.

Raw-water storage: None.

Finished-water storage: 11,000,000 gal.

ANALYSIS
(Analysis, in parts per million, by U. 8. Geological Survey)
Finished Finished
water water
Silica (SiQ,) ............... 9.1 || Hardness as CaCQy:
Iron (Fe) ..cccovvvvnennnnne. .04 TOtAL veverrerrnrenrnnnennnns 34
Manganese (Mn) .......... .00 Noncarbonate ............ . 21
Calcium (Ca) .............. 12
Magnesium (Mg) ......... 1.0 || COlOr ceveveeeenrenneciscennnnns 22
Sodium (Na) ............... 2.9 ||PH civeriiniiriciinniiceinnne, 6.8
Potassium (K) ............ .6 || Specific conductance
Carbonate (CQ) .......... 0 {micromhos at
Bicarbonate (HCOy) ..... 16 25 C.)ovrenersocserenannanns 94.1
Sulfate (8O,) ....cc.cv...... 25 Turbidity ...eeeeeeeeeennnnnns 3
Chloride (Cl) .............. 2.0 || Temperature (F.).......... 54
Fluoride (F) .......vu.ee... .1 || Date of collection ......... May 23,
Nitrate (NO,) .............. .8 1951
Dissolved solids ......... 71
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCoQ, pH as CaCO, Temperature
(ppm (ppm)
Av| Max{Min{ Av |Max|Min| Av | Max|Min | Av {Max| Min
Raw water........,| RO IO (T N JES O A . | =] -
Finished water.. 24 35 0(7.2{7.5 7.0 22 30| 20 50| 60| 33

GRAND JUNCTION
(Population, 14, 504)

Ownership: Municipal; supplies also about 3, 000 people outside the city limits.
Total population supplied, about 17, 500.

Source: Kahnah Creek (tributary to Gunnison River). Intake located about 27
miles southeast of Grand Junction.

Treatment: Coagulation with sodium aluminate and occasionally alum, rapid
sand filtration, and chlorination.

Rated capacity of treatment plant: 8,500,000 gpd.

Raw-water storage: Reservoirs on Grand Mesa, approximately 520, 000,000 gal,

Finished-water storage: 23,000,000 gal.
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GRAND JUNCTION--Continued

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Tap at Tap at
City Hall Clty Hall

Silica (Si0,) ...evvvrnnenne. 20 Hardness as CaCQ,:
Iron (Fe) ..coccvieenennnnnns .08 Total coovveiirvinnrnnennnnes 84
Manganese (Mn) .......... .00 Noncarbonate ............ 0
Calcium (Ca) .....ceveuenn 22
Magnesium (Mg) ......... 7.2 |[COlOT wcvcurvrerennenrnenncannns 10
Sodium (Na) .....cceeeeee 5.4 |[PH ceveiriririiainirecencncnans 7.8
Potassium (K) ...ceenen. 3.8 || Specific conductance
Carbonate (CO,) .......... 0 (micromhos at
Bicarbonate (HCO) ..... 110 25 C.)evencnnenanieasecerene 180
Sulfate (SO,) ....ceueneennn 9.1 || Turbidity ......c.cccceeeeenne. 30
Chloride (Cl) ..ccevvernnnn 1.9 || Temperature (F.).......... -
Fluoride (F) ....cccevuennn. .3 || Date of collection ......... Apr. 30,
Nitrate (NOg) ..oveveunennne .6 1951
Dissolved solids ......... 118

GREELEY

(Population, 20, 354)

Ownership: Municipal; also supplies 6,000 people outside the city limits, Total
population supplied, 26, 354.

Source: Cache La Poudre River. The treatment plant is located approximately
40 miles northwest of Greeley. The auxiliary supply is taken from the Sea-
man Dam on the North Cache La Poudre River.

Treatment: Coagulation with alum, lime, charcoal, rapid sand and slow sand
filtration, and chlorination. '

Rated capacity of treatment plant: 12, 000, 000 gpd.

Raw-water storage: 3,314, 000,000 gal.

Finished-water storage: 22,500, 000 gal.

The water from the Cache La Poudre River watershed is made up primarily from
melted snow and the turbidity of the water is practically zero with the excep-
tion of about one month of the year during spring runoff.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw |Finished Raw Finished

water water water water
Silica (SiOy) «eveveeeee 9.2 8.5 [[Hardness as CaCOj:
Iron (Fe) coveecronennns .02 .02 Total weeceseeceacense 40 48
Manganese (Mn) ..... .00 .00 Noncarbonate...... 0 0
Calcium (Ca)......... 12 14
Magnesium (Mg)..... 2.4 3.1 ||Colorcacessscscesssenee 22 7
Sodium (Na) «.eceeeeen 4.2 4.6 J) : S OOy 7.3 .7
Potassium (K) ....... 2,2 .9 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOg) | 51 61 25 C.)uueeersuncssnne 99.1 121
Sulfate (SO,) .ceveeve. 4.0 1.0 || Turbidity....cceeveneee 3 0.4
Chloride (Cl)......... 1.5 4.0 ||Temperature (F.)... -- -
Fluoride (F)...... .3 .3 ||Date of collection... |May 23, | May 22,
Nitrate (NOg) ceeerneee 1.3 4 1951 1951
Dissolved solids.....] 71 80
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GREELEY--Continued
Regular determinations at treatment plant, 1950

Alkalinity Hardness
as CaCO, pH as CaCoO, Turbidity
{ppm) (ppm)
Av|Max| Min| Av |Max| Min| Av |Max|Min | Av|Max|Min
Raw water......... 22| --| -- 71 --| --| 16| -- 7| 10| 27 0
Finished water...] 22| --| --| 7} --} -=| 16| --} 7 3p - | --
LONGMONT

(Population, 8.099)
Ownership: Mumcxpal also supplies about 2, 000 people outside the city limits.

Total population supplied, about 10,100.

Source: St. Vrain River.

Treatment: Slow sand filtration and chlorination.
Rated capacity of treatment plant: 6,000,000 gpd.

Raw-water storage: None.

Finished-water storage: 9,000,000 gal.

. ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)

Finished Finished
water water
Silica (Si0,) ...ceuvenenen. . 9. 8 || Hardness as CaCQ,:
Iron (F€) .uverevvveninennns . 32
Manganese (Mn) .......... . 8
Calcium (Ca) .............. .0
Magnesium (Mg) ......... .3 33
Sodium (Na) ............... 7 7.1
Potassium (K) ............ .6 || Specific conductance
Carbonate (CO,) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 29 25 C.Yecrncarvonnene cerereen 80.7
Sulfate (SO,) ..ccvvveennnns 12 Turbidity .......... .. 2
Chloride (C1) ......cu.u.... 1.5 || Temperature (F.)...... 54
Fluoride (F) .c.covvvenennn .2 || Date of collection ......... May 23,
Nitrate (NOy) ....cevvunnne 1.1 1951
Dissolved solids ......... 72
PUEBLO

(Population, 63, 685)

Ownership: Municipal; the city is divided into two water districts, each with its
own water system, District 1 supplies 30, 000 people in the city; about 3, 000
outside the city limits; 3,000 at the Pueblo Air Force Base and Interstate
Gas Co. District 2 supplies 33, 685 in the city; 8,000 outside city limits.
total population served by both districts, about 78 000.

Source: District 1, Arkansas River. Wells and transmountain diversion as aux-
iliary supply. The transmountain diversion is taken from the Colorado River
basin and diverted to the eastern slope by what is known as Wurts Ditch which
is located about 1 mile southwest of the top of Tennessee Pass. District 2,
Arkansas River. The maximum allowable diversion from the Arkansas River
is 25,5 second-feet. When the demand exceeds this quantity the auxiliary
supply is drawn upon. Plant intakes for both districts are located about a
quarter of a mile apart on the river,

Treatment: District 1, copper sulfate, coagulation with alum, sedimentation,
activated carbon, rapid sand filtration, chlorination,and ammoniation, Dis-
trict 2, plain sedimentation, and chlorination.

Rated capacity of treatment plant: District 1, 25,000,000 gpd. District 2, no
treatment plant,

Raw-water storage: District 1, 50,000,000 gal. District 2, 30,000,000 gal.

Finished-water storage: District 1, 5,500,000 gal, District-2, 26, 000,000 gal.

The
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PUEBLO--Continued

ANALYSES . .
(Analyses, in parts per million, by U. S. Geological Survey)
Raw Finished] Raw Finished
water @ {water 2 water @ | watera
Silica (Si0y) «eeeereens 10 8.8 ||Hardness as CaCOj,:
Iron (Fe) ceerececaennnn .02 .04f| Total weeesereracesaee 162 191
Manganese (Mn) ..... . 00 .02[| Noncarbonate...... 87 117
Calcium (Ca) cveceene. 43 50
Magnesium (Mg).....| 13 16 {|COlorcrecserererssesencs 9 1
Sodium (Na) ...cceeeee 19 25 ) ; SN 7.8 7.6
Potassium (K) ...ceee 1.3 1.7 |iSpecific conductance
Carbonate (COy)..... 0 0 (micromhos at
Bicarbonate (HCO,) 92 90 25 C.)urerrercerences 410 91
Sulfate (SO) voeeeerss| 117 151 || Purbidity..ececernneee 70 .4
Chloride (Cl) ..cccevvee 6.0 11 Temperature (F.)... . 83 -
Fluoride (F) «cevveses .1 .1 ||Date of collection... | May 24, | May 24,
Nitrate (NOy) ..cvuese.. 3.0 4.2 1951 1951
Dissolved solids.....| 269 329

Regular determinations at District 1 treatment plant, 1950

Alkalinity Hardness
as CaCoO, pH as CaCQ, Turbidity
(ppm (ppm)

Av| Max|Min| Av |Max{Min| Av | Max|Min | Av {Max| Min

Raw water......... 138 (176 (62 [8.2 | 8.6(8.0( 308| 479| 103|436 [3793|21
Finished water..} 125|166 (52 |7.5 | 7.9|7.1| 317| 493| 104| 1.8] 3.4] .9

2 District 1.
TRINIDAD
. (Population, 12,204)

Ownership: Municipal; also supplies a considerable area outside the city limits.
Total population supplied, about 20, 000.

Source: North Fork Las Animas River, approximately 40 miles east of Trinidad,
impounded in reservoirs.

Treatment: None. (Filtration plant under construction in 1951).

Raw-water storage: 4 reservoirs: North Lake 326, 000, 000 gal; Monument Lake,
489, 000, 000 gal; concrete reservoir, Madrid Lake, a regulating reservoir
7 miles east of the city, 70,000, 000 gal; reservoir 3 miles from the city,
3,000, 000 gal. Total storage, 890,000,000 gal.

Finished-water storage: --

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Madrid Madrid

Reservoir Reservoir
Silica (5105} ..veereceranas 7.1 || Hardness as CaCOQy:
Iron (Fe) ........ cercerennns .07 Total coverennrernrncronsane 76
Manganese (Mn) .......... - Noncarbonate ............ 2
Calcium (C2) ..coeveenneens 24
Magnesium (Mg) ......... 4,0 || COlOT .ecvvrrriranerncnes cerenes 5
Sodium (Na) ......coeeeen.. 3.3 ||pH........ eeeevresasnsrassncnans 7.9
Potassium (K) ...ceceneee. 1.4 || Specific conductance
Carbonate (COy) 0 (micromhos at
Bicarbonate (HCO,) ..... 91 25 C.)ecererenenennns veeeens 160
Sulfate (80,) .....cceununnns 6.7 || Turbidity .......ccocevseenen. --
Chloride (Cl) ........... 1.2 || Temperature (F.)...coveuus -
Fluoride (F) .... . .2 || Date of collection ......... June 6,
Nitrate (NO) ...... . .6 1951
Dissolved solids ......... 98
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ALAMEDA, IDAHO
(Population, 4,694)

Ownership: Municipal; supplies also about 750 people outside the city limits.
Total population supplied, about 5, 500.

Source: 3 closely spaced wells, each 104 ft deep; yield reported to be 350, 500,
and 1,350 gpm. Wells 1 and 2 are used during the entire year, while well 3
is used mostly during the summer months.

Treatment: None.

Storage: Reservoir, 250,000 gal.

ANALYSIS

(Analysis, in parts per million, by U. 8. Geological Survey)

Wells 1, 2 Wells 1, 2
(composite) (composite)

Silica (Si0,) ...c.eeveeunn. 27 Hardness as CaCOy:

Iron (Fe) .c.ccveverrennnnenn .03 Total tiveniecnienrninnnnnens 354

Manganese (Mn) .......... - Noncarbonate ............ 67

Calcium (Ca) .............. 86

Magnesium (Mg) ......... 34 COLOT Liiirnrienrarennencnnns 7

Sodium (N2) ...cceeerennnn 48 23 ; SN verrsastitaneannas 7.2

Potassium (K) ............ 9.2 || Specific conductance

Carbonate (CO,) .......... 0 (micromhos at

Bicarbonate (HCO) ..... 351 25 C.)evrrevrnreriransarnnes 887

Sulfate (SO,) ...cvvuennennn 60 Turbidity .....ccecevneennnen -

Chloride (Cl) .............. ) 75 Temperature (F.)...eeuen.e 47

Fluoride (F) ....... crenvans .0 || Date of collection ......... Mar. 29,

Nitrate (NOg) ..ccvveanen. 17 1951

Dissolved solids ......... 537

Depth (feet) ...coevvernenannnnnne eerettecnentarieenen vetetetesaentnetetteseranacann .- 104, 104

Diameter (inChes).ci.oviuvieniiiiiieiieiiiiiriiiiiiiii et reeereeacaaens 6, 10

Date Arilled «cccocevieiiniiiiiiinietisiiiiiiiaisiicaiesnsoraiisssisetscsssconioanes about 1930

Percent of SUPPLY ccvieeiireiiiiiiiiiiriiiiiiiiiiiii i s aeeaae —

BLACKFOOT

(Population, 5, 180)

Ownership: Municipal; supplies also about 100 other people outside Blackfoot.
Total population supplied, about 5, 280.

Source: 2 wells, 179 and 182 ft deep. The yield of the wells is reported to be
600 and 800 gpm. Well 2 is used mostly during the summer months, Emer-
gency supply from East Side Well, 110 ft deep.

Treatment: None.

Storage: 2 elevated tanks, 100, 000 and 300, 000 gal.
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ANALYSIS
(Analysis, in parts per million, by U, S. Geological Survey)
Well 1 Well 1
Silica (8i0,) ..cevvuvrennene 27 Hardness as CaCOQy:
Iron (Fe) ..cocvenvennennennn L02]] . Total seveveiiiiiceienacannss 322
Manganese (Mn) .......... -- Noncarbonate 30
Calcium (Ca) ..cocvenvennen 86
Magnesium (Mg) ......... 26 COlOL .vvrveenrnenerareoraranene 5
Sodium (Na) .......cceeeens 19 PH ceinvienirieiieiiininiinanen 7.5
Potassium (K) ............ 5.1 (| Specific conductance
Carbonate (CO,) 0 " (micromhos at
Bicarbonate (HCO,) ..... 356 25 C. )ererrvnraraeanennenns 642
Sulfate (SO,) eevevrerannnnn 45 Turbidity ........ceceee veeses --
Chloride (Cl) ...c.cevveeun. 15 Temperature (F.) --
Fluoride (F) .cceevvereenne. .2 {| pate of collection ......... Mar. 28,
Nitrate (NOg) .oocoeeneeen. 10 1951
Dissolved solids ......... 398
Depth (feet) ovcevvercieiiiiniieiiniiiiiiiiiieiniecaens seasecrcasesesaracncnenaernns 179
Diameter (INChES) ..ieciereriieriiiiiriiiiiciieiiecniiiiiiatreeesesasrosacannes 15
Date Arilled «iueuireerneereieeecatesneerrececasacacnsrsstasncncnsncesinssosnsnrananss 1921
Percent Of SUPPLY  wuveereceerurerrnrnereeesernesnesessnssraeseassscnssnsessnnnes 75
BOISE

(Population, 34, 393)

Ownership: Boise Water Corp. ; supplies also about 25, 000 people in suburban
areas. Total population supplied, about 59,000.

Source: 14 wells from 300 to 600 ft deep, 80 percent of supply; dug well and in-
filtration galleries, 20 percent of supply.

Treatment: Chlorination of water from dug well and infiltration galleries; deep
wells not treated.

Rated capacity of treatment plant: 5,000,000 gpd.

Raw-water storage: None.

Finished-water storage: Reservoirs, 8,500, 000 gal.

The water varies throughout the city as some of the wells are pumped directly
into the mains. At night, to relieve préssure on the mains, water from the
mains is pumped into reservoir 4.

o ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)

Reservoir 4

Reservoir 4

(composite) (composite)
Silica (8i0,) .evvevinenenn 25 Hardness as CaCQy:
Iron (F€) wivvervnenrenenn. 1.0 Total cevereniiinnninnnnnn, 85
Manganese (Mn) .......... - Noncarbonate ............ 11
Calcium (Ca) .............. 29
Magnesium (Mg) ......... 3.1 [|COLOT wvverurerarnrnrnrnnnenens 10
Sodium (Na) .......eeveene. 12 PH teteeriitiniciiiiececnnes 7.3
Potassium (K) ............ 1.8 || Specific conductance
Carbonate (CO) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 91 25 C. )eereen eeecerretneeenn 228
Sulfate (SO,) .ceevvenrannnen 34 Turbidity ........... reecerees --
Chloride (Cl) .c.ccevenenen 3.1 || Temperature (F.).......... 58
Fluoride (F) .ceccovvennnn. .3 || Date of collection ......... June 4,
Nitrate (NOg) .e.c.ueuennn.. .5 1951

Dissolved solids

157
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BURLEY
(Population, 5, 924)

Ownership: Municipal; supplies also about 200 people outside the city limits.
Total population supplied , about 6, 100,

Source: 2 wells (Pumphouse well and Hoggan well), 469 and 485 ft deep. The
yield of the wells is reported to be 800 and 1, 200 gpm.

Treatment: Chlorination.

Raw-water storage: None.

Finished-water storage: Elevated tank, 100, 000 gal.

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Pump- Pump-

house Hogg?)n housl:e Hoggan

wella | Wwell wella | wellP
Silica (Si0,) ...ceevvs 59 58 Hardness as CaCOy:
Iron (Fe) weovvecencenen .01 - Total weeerssssaccneee 137 97
Manganese (Mn) ..... - 1 Noncarbonate...... 15 0
Calcium (Ca) .cvveeree 35 27
Magnesium (Mg)..... 12 7.3 ||COlOr cceesienicraranaas 5 .
Sodium (Na) ....... 32 } 46 4] ; G, cereesersens 7.8 7.3
Potassium (K) ....... 7.7 Specific conductance
Carbonate (CO,) ..... 0 - (micromhos at
Bicarbonate (HCO,) 148 149 25 C.)eeeesecnrennane 429 -
Sulfate (SO,) .ceovevee. 26 23 Turbidity ........ - -
Chloride (C))......... 45 33 Temperature (F. )... 66 -
Fluoride (F) .ccce.e... 4 .6 |{Date of collection... Mar.27, | Jan. 8,
Nitrate (NOy)......... 1.3 2.7 1951 1951
Dissolved solids.....| 288 291
Depth (fEet) .iviviriiiiuiiiiiiiiiiieniireceriirsrcacessissensnarsencanane 469 485
Diameter (INChES) .iicveiriricieceerinineseracetssssesesnsassssercssance 18-15 16
Date drilled ....cccoiiveiiiiiiieiiiiiciniiisiiesiioniatnisanes vereresnenns 1926 1940
Percent of SUPPLY  .vceieriinrrnnnieninrssssoreasee cresenne teeenseerans 90 10

4 Chlorinated. b Analyzed by State Dept. of Public Health, Boise, Idaho.

CALDWELL
(Population, 10,487)

Ownership: Municipal; supplies also about 500 people outside the city limits.
Total population supplied, about 11,000,

Source: 14 artesian wells (12 flowing), from 112 to 405 ft deep, 6 to 20 in. in
diameter. The yield of the wells ranges from 427 to 1,200 gpm.

Treatment: None,

Storage: 500, 000 gal.
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ANALYSES
(Analyses, in parts per million, by State Dept. of Public Health, Boise, Idaho)
Pum Pum Pum Pump .
Housepl Housepz Hous% House City Hgll
(6 wells) | (5 wells) 32 4b Well
Silica (Si0p) eeveerrrranenees 33 33 32 32 28
Iron (Fe€) cocevnrnnees cesore .02 . 02 .02 .02 .02
Manganese (Mn) .......... - -] - -- -
Calcium (Ca) .......... 11 19 20 12 14
Magnesium (Mg).......... 2.6 2.5 3.1 2.5 1.4
Sodium (Na) ........ veecene 41
Potassium (K) . ..... } 14 38 37 12 { 2.9
Carbonate (CQy) .......... 0 0 0 0
Bicarbonate (HCOy)..... 73 144 146 71 135
Sulfate (SQ,) ......... 5.4 9.4 9.5 4.6 12
Chloride (Cl) ....cccecueeenn 2 i 2 6.9
Fluoride (F) cveeerveenenen. .4 T T .3 .1
Nitrate (NOg) ccovuvienvnen. <1 <1 <1 <1 .3
Dissolved solids ......... 106 182 186 94 173
Hardness as CaCO,:
Total....... vereesasennennn 39 59 63 40 41
Noncarbonate -«eecceeeee 0 0 0 0
COlOT ..uvvverininaneneronens - - - -- 6
9] : SRS 7.4 7.4 7.1 7.3 8.2
Specific conductance
(micromhos at 25 C.) - - - -- 254
"Turbidity ..oeceeveievannnnes 0 0 0 0 --
Temperature (F.)........ - - - -- 68
Date of analysis ...... eees | June 24, | June 24, | June 24, |June 24, June 4,
1949 1949 1949 1949 1951d
Depth (feet) ............... - - - - -
Diameter (inches)...... . _— . - - -
Date drilled ............... . - - -- -
Percent of supply ........ 38 48 4 10 -
aCollege Heights well, bCemetery well.
€ Analyzed by U. S. Geological Survey d pate of collection.
COEUR D'ALENE

(Population, 12, 198)

Ownership: Idaho Water Co. (subsidiary of Boise Water Corp.).
Source: Coeur d'Alene Lake.

Treatment: Chlorination.

Raw-water storage: Coeur d'Alene Lake.

Finished-water storage:

1,750, 000 gal.
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COEUR D'ALENE--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Finished |[Finished Finished | Finished
water 2 | water waterd | water

Silica (SiQp) ..evvee... - 10 Hardness as CaCOs:
Iron (Fe) veevrarennene 0. 37 -- Total weeeese. 27 21
Manganese (Mn) ..... -- - Noncarbonate...... 8 0
Calcium (Ca) ...veeeee 7 -
Magnesium (Mg).....| 2.4 - COlOr coesrsencescncesces - -
Sodium (Na) «eeeueeees PH . cirernresncnnesncenns 7.0 -
Potassium (K) ....... > 1.3 1.8 Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) | 24 25 25 C.)uveees ceesenee - 53
Sulfate (SO,) «eceveeene 10 3.0 |[Turbidity...cceuveeeee. 7 .
Chloride (C})......... - .2 {|Temperature (F.)... 39 51
Fluoride (F) ....... -- .2 ||Date of collection... |Apr.29, | Nov. 2,
Nitrate (NO) ......... -- .4 1948 1949
Dissolved solids.....] 58 --

2 Analyzed by State Dept. of Public Health, Boise, Idaho.

IDAHO FALLS
(Population, 19,218)

Ownership: Municipal. Total population supplied, about 19, 250.
Source: 4 wells (Big Pump 3 well, Boulevard well, I Street well, and Central
Park well), 365, 365, 395, and 1,630 ft deep. Emergency supply from 21st
Street well, 342 ft deep. The yield of these wells is reported to be 4, 000,
3,400, 3,200, 3,000, and 4,000 gpm. During the winter months Big Pump
3 furnishes 90 percent and the Boulevard well, 10 percent of the supply. I
Street well and Central Park well are used as needed during the summer months.
Treatment: None.
Storage: Elevated tank, 500,000 gal.
’ ANALYSES

(Analyses, in parts per million, by State Dept. of Public Health, Boise, Idaho)

Big Pump Wellsb Central Park
3 wella (composite) well
“Silica (810 +..vvoeeeerseresnes 26 -- --
Iron (Fée) .cevenennne. .02 0.2 0. 18
Manganese (Mn) ......cceveeeneeeenens -- -- --
Calcium (Ca) «eoeseresrsrencenacasese 74 76 50
Magnesium (Mg)....... ceerecererenne 23 22 16
Sodium (Na)........... seerecerseoreoes 22 4
Potassium (K) ...ceecvneencneneneenes 4.2 } 17 2
Carbonate (COy) ...... cerereensanes - 0 -- 12
Bicarbonate (HCOy)......c.ccuuuneee 312 305 178
Sulfate (SO cecercerennranees 42 40 44
Chloride (C1) coevcurnereenreceraennces 22 17 22
Fluoride (F) .cccvvvavrnirnrersnrnnaes .2 .2 .1
Nitrate (NO) ..cvceeerueenn. veeenvene 6.7 -- --
Dissolved solids ...... [ 366 376 272
Hardness as CaCO,:
Total ......... ceenne teecessnenncenses 279 280 190
Noncarbonate ............ esecosiae 24 30 25

2 Analyzed by U. S. Geological Survey.
bBig Pump 3, Boulevard, and I Street wells.
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Big Pump Wellsb Central Park
3 wella (composite) well
Color ........ censcescans ceseerrarnasiase 5 -- 0
¢ = SRS 7.8 7.4 8.3
Specific conductance
(micromhos at 25 C. ) 598 -- --
Turbidity ........... vern ereres sannes . -- -~ 2
Temperature (F,)-.... ceersersecenes 56 50 51
Date of collection ««...eveeererne....| Mar. 28, 1951 [ May 12, 1645¢] Jan. 22, 1951
Depth (feet) ......cocvvevenvennennnnn. 365 -- 1,630
Diameter (inches) 22 -= 20-16
Date drilled 1937 == 1946-7

ssescscacs

Percent of supply

2 Analysis by U. S. Ceological Survey.
b Big Pump 3, Boulevard, and I $treet wells.

C Date of analy51s

JEROME

(Population, 4,523)

Ownership: Jerome Water Co. ; supplies also about 1,500 people outside the city

limits.

Total population supplied, about 6,000,

Source: 3 wells 400, 379, and 391 ft deep; yield reported to be 225, 700, and 275

gpm.
Treatment: Chlorination.
Raw-water storage: Reservoir,

100, 000 gal.

Finished-water storage: Elevated tank, 50, 000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)

Finished Finished

water @ water @
Silica (8i0,) ............... 34 Hardness as CaCOy:
Iron (Fe) ..coceevenvennnns .01 Total cocuepeniniinienennnns 167
Manganese (Mn) .......... - Noncarbonate ............ 26
Calcium (Ca) .............. 39
Magnesium (Mg) ......... 17 COlOT tueirecnrnncarannneanennns 5
Sodium (Na) ...c..ceeeeenn 20 PH ciiiiririinicicicesasnnienans 7.9
Potassium (K) ............ 4.2 |i Specific conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 172 25 C.)ocenrnesennrecnrananne M 409
Sulfate (SO,) .cocevvenrennnn 39 Turbidity ..cccccceceseeniene. --
Chloride (Cl) .............. 24 Temperature (F.}.......... 47
Fluoride (F) .cccvvvenvnnnn. .5 || Date of collection ......... Mar. 27,
Nitrate (NOg) «ceeevvvrannns 1.6 1951
Dissolved solids ......... 256
Depth (feet) ...... restisetereresetesesenns i eriteceesmenertisesasansesaeasrnsenstann 400, 391
Diameter (inGhes) ...cveeiuiiiiiiiiiiiiiiiiiiiii e 8, 10
Date drilled ....... levrasenns feteeteeenenerettestsenttriesttassrtatrrasenaacannrinre 1909,

1910-11

2 Composite; wells 1 and 3.
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KELLOGG
(Population, 4, 913)

Ownership: Idaho Water Co. (subsidiary of Boise Water Corp.); supplies also
Osburn, Smelterville, Wardner, and about 225 people outside the city.

Total population supplied, about 7, 100.

Source: Big Creek (south and west forks) supplies Kellogg, Smelterville, and
consumers outside the city limits. Wardner is supplied from Slaughterhouse
Gulch, and Osburn from McFarren and Meyers Creeks. There is a closed
connection with the Bunker Hill system for emergencies.

Treatment: Chlorination,

Raw-water storage: 4 tanks totaling 190, 000 gal.

Finished-water storage: --

ANALYSIS

(Analysis, in parts per million, by State Dept. of Public Health, Boise, Idaho)
Big Big
Creek Creek

Silica (Si0,) «eveererrrnenen 7 Hardness as CaCOy:
Iron (Fe) ...ccceeeennne. .05 TOotal cevvverereeerecenncnns 28
Manganese (Mn) .......... .0 Noncarbonate ............ 2
Calcium (Ca) ............ . 6.4
Magnesium (Mg) ......... 2.9 [ COLOr couvvrivinriiienaniioennes -
Sodium (Na) ..........c..e. 16 PH ceernerencerencacencs cevenrees 7.1
Potassium (K) ............ } ' Specific conductance
Carbonate (CO,) .......... 0 (micromhos at
Bicarbonate (HCOQ,) ..... 32 25 C.)evacrenrieienacnones --
Sulfate (50,) ..ocevvverrnnns 3.5 || Turbidity ....cccoevienennnnns --
Chloride (CI) ....c..cvuueuen 1 Temperature (F.)...ccee... 46
Fluoride (F) .ccccuvvniannnn .0 (| Date of collection ......... Oct. 23,
Nitrate (NO,) .............. 0 1950
Dissolved solids ......... 47

LEWISTON

Ownership: Municipal,

(Population, 12, 985)

Source: Clearwater River; duxiliary supply from 2 wells (1 and 2) 362 and 275 ft
deep. The yield of the wells is reported to be 400 and 800 gpm. The wells
are connected to the low-leveldistribution system and are used about 2 months

of the year.

Treatment: Clearwater River: prechlorination and ammoniation, coagulation
with alum and lime, fluoridation, sedimentation, rapid sand filtration, and

adjustment of pH for corrosion control,

Rated capacity of treatment plant: 6,000, 000 gpd.

Raw-water storage: None,

Well water, chlorination only.

Finished-water storage: 2 open brick reservoirs, 1,000,000 gal each; 2 open
concrete reservoirs, combined capacity 7, 600, 000 gal; 1 concrete tank,
250, 000 gal; and clear well, 125,000 gal.
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LEWISTON--Continued
ANALYSES

(Analyses, in parts per million, by State Dept. of Health, Boise, Idaho)

: Finished
Raw water 2 water b Well 2
BITICA (S10,) vevvererersssreersaerrose - 12 60
IFON (F€) uevevrerrerececrensoseoaseness 0.05 .03 .06
Manganese (Mn) ....c..oeecececennene - - .0
Calcium (Ca) seeseeoreresecssconcarens 5.2 12 17
Magnesium (Mg)..ceeerrcvennerocene 1.9 2.4 5.8
Sodium (Na).eeeereerenrioceonsseacasns ( 6.9
Potassium (K) ) 2.9 2.1 } 31
Carbonate (COy) cururereravcanscones 0 0 -
Bicarbonate (HCOy)...ecvaeeecarenes 29 43 149
Sulfate (SO.eeccuerueerrcannaenes 1.6 14 3.4
Chloride (C1) ...vciesiecncrosserossens 1 2.5 4
Fluoride (F)..cccvoereresnsecseosnnnes .1 1.2 .8
Nitrate (NOg) cecoreereecenenceensene -- .3 .0
Dissolved s0lids ....ccvuenrenennen . 49 m 200
Hardness as CaCO,:
Total ccveeeerrennnocsssencsronceonns 21 40 66
Noncarbonate .......ccceeeecenenss 0 5 0
5 5 --
 +) - S . 7.2 .5 8.0
Specific conductance
(micromhos at 25 C. )..ecereeenn - 109 -
Turbidity .ccveeererece cecser vocnnees ki -- -
Temperature (F,)ecccee 60 -- --
Date of collection........ Oct. 16, 1950 | Sept. 7, 1951 {Sept. 27, 1948
Regular determinations at treatment plant, 1949-50
Alkalinity Hardness
as CaCQ, pH as CaCO, Turbidity
(ppm) i {ppm)
Av|Max| Min| Av |Max| Min| Av|Max|Min| Av|Max|Min
Raw water......... 33| 42| 10| 7.2|7.3/6.9}| 29| 32 5 14| 550 3
Finished water...| 26| 37| 14 |7.8|9.1/6.9{ 32| 61} 15| 0| --| --

a Clearwater River.
b Clearwater River. Analysis by U. S. Geological Survey.

MOSCOW
(Population, 10, 593)

Ownership: Municipal; supplies about 30 people outside the city limits. Total
population supplied, about 10, 620.

Source: 4 wells (1 to 4)., Wells 1 to 3, each 254 ft deep; well 4, about 350 ft deep.
The yiela of these wells is reported to be 500-600, 820, 1,200, and 400-600
gpm. Wells 1, 2, and 3 are located close together. Well 4 is about three-
quarters of a mile from wells 1, 2, and 3.

Treatment: None.

Storage: 800, 000 gal.
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MOSCOW--Continued

ANALYSES
(Analyses, in parts per million, by State Dept. of Public Health, Boise, Idaho)
Well 3 Well 4 Well 3 | Well 4
Silica (Si0p) .......... 57 59 ‘Hardness as CaCQj:
Iron (Fe) coveneene 1.2 2.0 Total seveeeraccecsens 137 137
Manganese (Mn)..... .02 .02 Noncarbonate...... 0 0
Calcium (Ca) .........| 35 32
Magnesium (Mg).....[| 12 14 COIOT seecerrescsceansnas - -
Sodium (Na) «eeceenes 16 14 1) ; SN veveee 7.2 7.2
Potassium (K) ....... Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOy) | 171 171 25 C.)evueenone -- -
Sulfate (SO,) ...cvvneee| 25 23 Turbidity .cecoeeeveeene -- 21
Chloride (C1) ccucvaeee 3 2 Temperature (F. )... 51 51
Fluoride (F) ccouvueans .3 .3 ||Date of collection... [Feb. 26, | Feb. 26,
Nitrate (NOQy) ..... .0 .0 1951 1951
Dissolved solids..... 240 236
Depth (feet) ....cccviiiiiiiieiiiieiieneceninnnnen eeesecsenssatcacencararses 254 350
Diameter (iNCHES) ...ccciccieiiienrrniiinrnenerrnrerecscncssossessenes 15 24
Date drilled ........ccciiiieieiineiecrreinieenieesinssecarocnracsesioncess 1927 --
Percent of SUPPLY ......coieiiiieiiceiiiiiciiennes Ceerserencneasenins - -
NAMPA

(Population, 16,185)

Ownership: Municipal; supplies also about 250 people outside the city limits.
Total population supplied, about 16, 450.
Source: 5 artesian wells (1 to 5), 452, 452, 503, 575, and 452 ft deep,
yield of wells 1 and 2 combined is reported to be 1,000 gpm, The yield of
wells 3, 4, and 5 is reported to be 900, 980, and 700 gpm.

Treatment: None.
Storage: 225, 000 gal.

The

ANALYSES
(Analyses, in parts per million, by Idaho State Dept. of Health, Boise, Idaho)
relts | wens Well 4 Well 5

Silica (Si0y) ......... 28 32 28 31
Iron (Fe)uuineciiinonenescennnnes .0 .0 .0 .0
Manganese (Mn) ............. veee .0 .0 .0 .0
Calcium (Ca)..ceeueerrnrenens 12 16 14 14
Magnesi(um)(Mg) ceerenecsranes . 2.2 1.2 1.7 1.7
Sodium (Na)..c.ceeeeenennnennes
Potassium (K) .....c..oee.s } 53 54 51 49
Carbonate (COy) ....c..eeernree 0 0 0 0
Bicarbonate (HCQy)........ 161 168 163 154
Sulfate (SQ4) seessesnnens ctesenas . 8.2 9.0 5.0 7.6
Chloride (C1..ceverrrenrenenennns 7 8 8 7
Fluoride (F) .... 1.5 1.2 1.2 1.5
Nitrate (NOg) .ccoeevnvnnnneens 0 0 0 0
Dissolved solids ....cccevvvennee 185 201 186 188
Hardness as CaCQ,:

Total ...ccoeeneeee vecssassntsanns 39 45 42 42

Noncarbonate .......cceuees 0 0 0. 0
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NAMPA, Analyses--Continued

Wells Well 3 Well 4 Well 5
1 and 2
(61015 s 0 0 0 0
pH......... 7.6 7.7 7.7 7.6
Specific conductance
(micromhos at 25 C.) «s.... - - _— —
Turbidity ....... 0 0 0 0
Temperature (F.) ..ccceceveeree 75 76 80 6
Date of collection ...ceeceeneees .| Apr. 25, Apr. 25, | Apr. 25, Apr. 25,
1951 - 1951 1951 1951
Depth (feet) ........ecvvevvennnnn 452 503 575 452
Diameter (inches) .....cc........ 10, 8 16 16 16
Date drilled .......coeereeennenns 1927-28 1949 1948 1947
Percent of supply ..cceveavennnns - - -- -
ORCHARDS

(Population, 4,494)

Ownership: Lewiston Orchards Irrigation District. Total population supplied,
about 5, 000,

Source: Sweetwater Creek, and Webb Creek impounded in Soldiers Meadows
Reservoir; emergency supply from Lake Waha. Webb Creek water is diverted
through a canal to East Fork Sweetwater Creek. Lake Waha water is pumped,
when needed, into an upper tributary of Sweetwater Creek. All water used
by the District leaves Sweetwater Creek through a canal to Reservoir A.

Treatment: Water for domestic use: prechlorination, coagulation with alum and
lime, sedimentation, rapid sand filtration, and ammoniation. Irrigation water
is in a separate pipe system and is not treated.

Rated capacity of treatment plant: 1,500,000 gpd.

Raw-water storage: Soldiers Meadows Reservoir, Lake Waha, and Reservoir
A, about 3,000, 000, 000 gal.

Finished-water storage: Reservoir, 1,500,000 gal.

R , ANALYSES

(Analyses, in parts per miliion, by State Dept. of Public Health, Boise, Idaho)
Raw |Finished Raw ’[Finished
water water water water

Silica (Si0,) .eereensen 30 34 Hardness as CaCOy:

Iron (Fe) cvcveeeeecnnne .4 . 02| Total weereescaveesnss 48 62

Manganese (Mn)..... .0 . 00|l Noncarbonate...... 0 13

Calcium (Ca) ..eperne.| 14 20

Magnesium (Mg)..... 3.2 3.2 ||Color... 50 --

Sodium (Na) ceeeeenene 7.8 7.1 PH . evrevcnennen cresvanee 7.4 7.1

Totassium (K) ....... . . Specific conductance

Carbonate (COy) ..... 0 0 (micromhos at

Bicarbonate (HCO,) 73 61 25 C.)eveerernnnnens -- -

Sulfate (SO,) +.evueenn. 2.8 | 24 | Turbidity.......ceeen.. 56 0

Chloride (C) .ceenene 1 2 Temperature (F. )... -- --

Fluoride (F) ccccvvunne .0 .0 ||Date of analysis ... | May 16, May 16,

Nitrate (NOy) ..euveuee 1.3 .9 1951 1951

Dissolved solids.....| 296 [2121

Regular determinations at treatment plant, Feb, -May, 1951

Alkalinity Hardness
as CaCoQ, pPH as CaCO, Turbidity
(opm) (ppm)
Av |Max| Min| Av[Max|Min | Av { Max| Min| Av | Max| Min
Raw water......... 51 59| 407.5 |7.9| 7.1| 43| 60 35 | 43| 210] 12
Finished water...| 46| 59| 32|7.3 |8.6| 6.8} 60} 78] 51 0 0] 0

aSum of determined constituents.
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POCATELLO
(Population, 26,131)

Ownership: Municipal; supplies also about 500 people outside the city limits.
Total population supplied, about 26, 600.

Source: Gibson Jack Creek (70 percent of supply); Mink Creek (20 percent of sup-
ply); 8 wells from 70 to 105 ft deép (10 percent of supply). The yield of the
wells ranges from 350 to 1,200 gpm. Well 5 is usedregularly; the other 7
wells are used mostly during the summer months. Well 5 is 100 ft deep and
is reported to yield 1, 000 gpm.

Treatment: Chlorination.

Raw-water storage: Approximately 11,000,000 gal.

Finished-water storage: --

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Mink Gibson Jack
Creek Well 5 .. Creek
(raw water) (finished water)

STTECa (S10) vvveveereverereeecarnnares 23 23 14
Iron (Fe) cuveeceeerenecrereneerecannes .03 .02 .12
Manganese (Mn) ...cccceenienenne - -- --
Calcium (Ca) sescessstsneccasssaneasns 58 65 30
Magnesium (Mg)...ccercececeecesanee 15 24 6.6
Sodium (Na)....... . 12 32 6.0
Potassium (K) ... 2.7 5.1 1.4
Carbonate (COy) ...ceevrrernanennns . ) 0 0
Bicarbonate (HCOy)....... 249 300 116
Sulfate (SO).ccereerrreressensesnrans 8.8 35 6.4
Chloride (C1) .cceeerrrrscncerersscres 16 38 9.1
Fluoride (F}....ccovrvrererreronccnses .1 .2 .1
Nitrate (NOy) ...... cerresacrensanienee .2 5.3 .5
Dissolved sblidS ..cecvenrncrscsecces 260 368 136
Hardness as CaCOj:

Total seeeiieieeicicncessrccsconcnnnas 206 260 102
Noncarbonate ........ceevomennnne. 2 14 .1
Color...ccvvernrenens sessosssraccsrsane 12 5 12
5] - PPN cesnssnes 8.2 7.5 7.9

Specific conductance

(micromhos at 25 C.).eeveeenee 437 629 219
Turbidity cveeeecrerscass covaee conennns -- - --
Temperature (F, ) ccsereceserencrans 42 52 42
Date of collection ... Mar. 29, 1951 | Mar. 29, 1951 { Mar. 29, 1951
Depth (fEel) ..uueevverieeririienerineisresresesneersenes 100 --
Diameter (inches) ........oveeeeennevnnnns erreernnenns 18 -
Date drilled . ......ccccorveieineennrncirencerecncncaseces - ==
Percent of SUPPLY .....ccvvveiivnninnnennes cecenssensinas T -

SANDPOINT

(Population, 4, 265)

Ownership: Municipal; supplies also Kootenai, Pend Oreille, and about 500 people
outside the city limits. Total population supplied, about 5, 750.

Source: Sand Creek; auxiliary supply from Lake Pend Oreille. Only 1 percent of
the supply was obtained from Lake Pend Oreille during 1950.

Treatment: Pressure filtration when water is turbid, and chlorination.

Rated capacity of treatment plant: Filter capacity, 2,000,000 gpd.

Raw-water storage: 1,400,000 gal.

Finished-water storage: --

The intake on Sand Creek is 4. 5 miles northwest of Sandpoint.



IDAHO 165
SANDPOINT --Continued
‘ ANALYSIS _
(Analysis, in parts per million, by U, S. Geological Survey)
Sand Creek Sand Creek
(finished (finished
) water) water)
Silica (Si0,) ..c.eecvveeenes 8.9 || Hardness as CaCOQq:
Iron (Fe) .c.ceeerveeenennes .02l Total coiiviiiiiiiiiiiinnns 8
Manganese (Mn) .......... - Noncarbonate ............ 0
Calcium (Ca) ...ccceerennn 2.7 ’
Magnesium (Mg) ......... .2 1 COIOT wueniiiiiacniiinnannnnne 5
Sodium (N2) ...ceeeveeennne 1.2 [PH coveeiireririncicanieiienens 7.0
Potassium (K) ............ . 8 || Specific conductance
Carbonate (CQy) .......... 0 {micromhos at
Bicarbonate (HCOy) ..... 10 25 C.)eveens veerreeenreneane 16
Sulfate (SO,) .vecerrreennn. 1.5 | Turbidity ........ccoeerennns --
Chlor#le (CI) ...vvvuvnennne .5 || Temperature (F.)...... 50
Fluoride (F) .ccovevveennans .1 || Date of collection ......... June 20,
Nitrate (NO,) .evvevvrannnn. .1 1951
Dissolved solids ......... 20
TWIN FALLS
(Population, 17, 600)
Ownership: Municipal; supplies 33 people outside the city limits. Total pop-

ulation supplied, 17, 633.

Source: Snake River. The city water is obtained from the lower-line canal of the
Twin Falls irrigation system.

Treatment: Coagulation with alum, sedimentation, rapid sand filtration, and
chlorination,

Rated capacity of treatment plant: 6,000,000 gpd. (The filter plant is being en-
larged so that it will have a capacity of 10, 000, 000 gpd. )

Raw-water storage: None,

Finished-water storage: Reservoir, 500, 000 gal.

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)
Raw |Finishe Raw |Finished
water water water water
Silica (810 ....eveeee| 19 17 Hardness as CaCO,:
Iron (F€) eueeeeerern. .02 ,03 || Total seeeesursesesene 192 197
Manganese (Mn) ..... - - Noncarbonate...... 28 44
Calcium (Ca) .ccveavee 49 51
Magnesium (Mg)..... 17 17 COlOr csvecesseccssecanes 5 L
Sodium (N2) .ccceveen. 22 23 ) ; S, 8.1 7.9
Potassium (K) ....... 4.3 4.2 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) | 200 186 25 C.)uuereneenceoses 459 483
Sulfate (SO,) vecereeees| 47 56 Turbidity ...cceecveeees - -
Chloride (Cl) 24 27 Temperature (F. )... 49 45
Fluoride (F) L7 .7 ||Date of collection... {Mar.26, |Mar. 26,
Nitrate (NOg) ...vece. .9 .3 1951 1951
Dissolved solids.....| 280 293
Regular determinations at treatment plant, 1951
Alkalinity Hardness
as CaCoO, pH as CaCO, Turbidity
(ppm) . (ppm)
Av | Max| Min| Av |[Max|Min | Av |Max| Min| Av | Max| Min
Raw water......... -~ 1190 -- (8.2(8,3 8.1 -] ~=| == = --] ==
Finished water...] -~ [180| -- |7.4 (7.5 174 --] «-| | -=| -] --
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AMES, IOWA
(Population, 22,898)

Ownership: Municipal,

Source: 4 wells (1, and 3 to 5), 109, 112, 120, and 127 ft deep. The yield of the
wells is reported to be 500, 600, 1,000, and 1,600 gpm. Normally well 5 is
used most of the time for the supply. The other wells are pumped as needed.

Treatment: Aeration, softening with lime and soda ash, sedimentation, recarbo-
nation, chlorination, sodium hexametaphosphate, and rapid sand filtration,

Rated capacity of treatment plant: 3,000,000 gpd.

Raw-water storage: - None,

Finished-water storage: 1,750, 000 gal.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Well 5 | Well 5 Well 5 Well 5
(raw |(finished (raw (finished
water) | water) water) | water)
Silica (SiOg) .ceevvvene 24 15 Hardness as CaCOy:
Iron (Fe) ..cieeeennnnns 6.3 .13 Total weeeccenecscacns 363 73
Manganese (Mn)..... .20 .03 Noncarbonate...... 60 44
Calcium (Ca) ceuveeeee] 98 23
Magnesium (Mg).....| 29 3.8 |[Coloreeeceees ST 4 4
Sodium (Na) ..cceeenes 13 27 [9) ¢ QN - 7.5 8.5
Potassium (K) ....... 3.2 3.5 |[Specific conductance
Carbonate (COy) ..... 0 - (micromhos at
Bicarbonate (HCO,) | 369 asg 25 C.)eeuree verereens 716 284
Sulfate (SO,) ceeeeeeees| 87 85 Turbidity........... 2 0.2
Chloride (CI) ...cuc... 8.0 9.0 || Temperature (F.)... 52 52
Fluoride (F) ccuvueen. 4 .3 ||Date of collection... [Feb. 23, | Feb. 23,
Nitrate (NOy) ......... .3 1.3 1951 1951
Dissolved solids..... 464 190 )
Depth (feet) ......cceerrerrrnenn rerrrrerraeeteeessenrnenaenees e cerrreriean . 127
Diameter (InCheS) ........cicciiieeieniiniiuiiiniiriieernecrncesecereasansnssennaneees 30
Date drilled ........c.c.cveeververvennn. “ 1947
Percent of SUPPLY ....ccveviiveeenieceerirecnennenenenncnrare seesesssencantssrinserarnnian -

2 Includes the equivalent of less than 5 ppm of carbonate (COy).

BOONE
(Population, 12, 164)

Ownership: Municipal; also supplies about 200 people outside the city limits,
Total population supplied, about 12,400.

Source: 10 wells (11 to 20), 46, 67, 52, 54, 67, 51, 61, 55, 56, and 64 ft deep,
The yield of the wells is reported to be (well 11 not reported) 900, 780, 600,
875, 900, 300, 300, 300, and 300 gpm, respectively.

Treatment: Chlorination,

Raw-water storage: 3,000,000 gal.

Finished-water storage: 1,100, 000 gal.
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BOONE--Continued

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Flnlshed Finished
water water
(composite) | (composite)
Silica (SiOp) «.ceeerreveennn 18 Hardness as CaCO,:
Iron (Fe) .cveveeverennennnns .08 Total ceeueenns eerressennns 418
Manganese (Mn) .......... .57 Noncarbonate ......... 126
Calcium (Ca) .............. 103
Magnesium (Mg) ......... 39 Color ....ueee. creereaneiinaies 5
Sodium (Na) ............... 27 PH ceriiiiiiniiceccncaninns 7.7
Potassium (K) ............ 3.7 || Specific conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO;) ..... 357 25 C. )eereernnnenincrnnes 844
Sulfate (SO,) ..ccceverenene. 141 Turbidity ..cccevvveecenencnns 0.7
Chloride (Cl) .............. 31 Temperature (F. ) ........ 54
Fluoride (F) w.uvveerreenes .2 || Date of collection ... Feb. 23,
Nitrate (NOy) «eveeurennen 2.5 1951
Dissolved solids ......... 564
BURLINGTON

] (Population, 30, 613)

Ownership: Municipal; also supplies about 1, 600 people outside the city limits,
Total population supplied, about 32, 200.

Source: Mississippi River.

Treatment: Prechlorination, coagulation with alum and lime, sedimentation,
rapid sand filtration, and postchlorination,

Rated capacity of treatment plant; 7,200, 000 gpd.

Raw-water storage: None.

Finished-water storage: 3,500,000 gal.

The chemical composition of the raw water varies considerably thrdughout the

year,
. ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water
Silica (Si0,) ....ceeeneneen 8.8 || Hardness as CaCOQy:
Iron (Fe) ..cecevernennen .12 Total coveeeeriecnecnnconeens 154
Manganese (Mn) .......... . 00 Noncarbonate 49
Calcium (Ca) .............. 41
Magnesium (Mg) ....... i 13 COlOT 4eecerernrarncarnrocnronns 12
Sodium (Na) .....ccceeen.n. 4.1 ||PH cevvevrrnnninrererninniiinnn. 7.8
Potassium (K) ..... 2.1 Speciflc conductance,
Carbonate (CQO,) 0 . {micromhos at
Bicarbonate (HCOy) ..... 128 25 C. )ereeeervsseerorananons 324
Sulfate (SO,) .cevveresnanee 47 Turbidity ...cccvevieecnennee. 16
Chloride (C1) ..ceceuveennes 8.0 || Temperature (F.).......... 47
Fluoride (F) ..ccceenenennn. .1 |i Date of collection ......... Apr. 11,
Nitrate (NOg) ..ceuvvrnnnens 3.6 1951
Dissolved solids ......... 248
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCoO, pH as CaCO, Turbidity
{(ppm) {ppm)
Av| Max|Min| Av [Max|{Min| Av | Max{ Min | Av |Max| Min
Raw water......... -~ 178 9217.918.4/6.6( 180 200] 90 |60 (1100 40
Finished water.. 152 158 | 90}7.3 | 7.7|7.1} 180} 200| 122 | .37| 5.5 0
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CEDAR FALLS
(Population, 14, 334)

Ownership: Municipal; also supplies 25 people outside the city limits. Total
population supplied, 14, 359.
Source: 7 wells (1 to 7) each 125 ft deep.
Treatment: None.
Storage: 750, 000 gal.
ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Wells Wells
(composite) (composite)
City tap City tap

Silica (8i0,) ..cevvevienenen 15 Hardness as CaCOy:
Iron (F€) ..coovveenennnenns .06 Total ......... cerernereianns 244
Manganese (Mn) .......... .00 Noncarbonate ............ 24
Calcium (Ca) ....ccvvvuen. 65
Magnesium (Mg) ......... 20 (620 13 SR 2
Sodium (Na) .c..cocevenenn. 4.6 [[PH coeierrcorirenercacnncnnncnns 7.6
Potassium (K) ............ 1.0 |{ Specific conductance
Carbonate (CO,) .......... 0 (micromhos at -
Bicarbonate (HCO,) ..... 268 25 C.)eeenrerecenns cevreerne 475
Sulfate (SO,) .....ocuvuennen 21 Turbidity ..ccccceecrncecne 1
Chloride (Cl) .............. 4.5 || Temperature (F.).......... --
Fluoride (F) ....ccccovuennen .2 || Date of collection ......... May 9,
Nitrate (NO,) .e.ovvvennenn. 8.3 1951
Dissolved solids ........., 278
Depth (feet) -..... cestreensieeans teesrecananne Y P P T PPN 125
Diameter (inches) ceceeceeinceiianannn, corseanncene sessaessnnnsnccrnsorarnsevonsase 8-16
Date drilled «.cccosccesienrcrsonasnncens, Ceesensstesieatareassesensisssnncttacrsante 1912-49
Percent of SUPPLY -ceccecrcrsectricnieiiaiacaiaenee ceseesesenseasesanies coeeersacens 100

Ownership: Municipal.
Source: Cedar River.
Treatment: Softening with lime and soda ash, coagulation with alum and ferric
sulfate, activatedcarbon, recarbonation, sedimentation, rapid sand filtration,
and chlorination.
Rated capacity of treatment plant: 24, 000, 000 gpd.

Raw-water storage: None.

CEDAR RAPIDS
(Population, 72,296)

Finished-water storage: 8,200,000 gal.

There is considerable variation in the composition of the raw water throughout the

year.
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CEDAR RAPIDS--Continued
ANALYSES
(Analyses, in parts per million, by U. 8. Geological Survey)

Raw water Finished Raw water 2
water
Silica (S10,) ..evererececenes 12 9.7 11
Iron (Fe) . .18 11 .07
Manganese (Mn) ... .00 .00 .00
Calcium (Ca) seeeseesesccsrescscascase 64 30 58
Magnesium (Mg)...... 17 5.9 19
Sodium (Na)....... . 6:9 12 11
Potassium (K) ... 1.8 1.9 2.4
Carbonate (COyg) .evrenranrerersenne . 0 - 0
Bicarbonate (HCOy)....... cereserene 207 b 44 218
Sulfate (SO).ec.eeuenenns versenenne 44 61 37
Chloride (Cl)..... cereneens verraene v 9.0 12 13
Fluoride (F)...cccverieneensnesvonnens .2 .3 .2
Nitrate (NOg) .......... e 18 13 8.1
Dissolved S0lidS «.cvceveercennrences 300 . 182 277
Hardness as CaCOj:
Total ........c.ne. cocrsenssen 228 99 224
Noncarbonate ........... 58 63 --
10 1 14
7.7 9.0 7.7
Specific conductance
(micromhos at 25 C.)eeeveernene 464 278 455
Turbidity .eeeceeeecsaces corene coacnnne 30 0.5 -
Temperature (F.):.-.. PYTPT eeecces - - 54
Date of collection ..vecueeeenan «.eees] May 12, 1951 | May 12, 1951 1944-45
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
(ppm) (ppm)
Av|Max| Min| Av |Max| Min| Av|Max|Min | Av|Max| Min
Raw water......... 1521 -] --|8.4| --| --J192 - --[145] --| --
Finished water...!| 43| --| --| 9.5 --| --| 88| --| -- 0y --{ --

2 Average of 36 analyses of 10-day composites of daily samples of Cedar River’
at Cedar Rapids, 1944-45 (Water Supply Paper 1030, p. 148, 1949). Extremes:-
Dissolved solids, maximum 370 ppm; minimum 193 ppm. Total hardness, max-
imum 300 ppm; minimum 151 ppm.

b Includes the equivalent of less than 5 ppm of carbonate (CO,).

CENTERVILLE
(Population, 7,625)

Ownership: Municipal.

Source: 2 impounding reservoirs. Number 2 reservoir collects water from sur-
face run-off and supplies it to No. 1 reservoir as it is needed.

Treatment: Aeration, coagulation with alum, activated carbon, addition of lime
and chlorine, sedimentation, rapid sand filtration, and postchlorination.

Rated capacity of treatment plant: 1,200, 000 gpd.

‘Raw-water storage: Impounding reservoirs, 400, 000,000 gal.

Finished-water storage: Elevated storage, 500,000 gal.

The treatment plant is near No. 1 Reservoir and water flows to it by gravity
from that reservoir.
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CENTERVILLE--Continued

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)

Finished Finished

water water
Silica (Si0,) ...ceevennen.n. 6.0 |/ Hardness as CaCQy:
Iron (Fe) .iocivveveennnnnn. .10 Total civeuveiiiiisenaninnins 192
Manganese (Mn) .......... .22 Nancarbonate ............ 126
Calcium (Ca) .............. 59
Magnesium (Mg) ......... 11 COlOT vivierereiararainenenannns 7
Sodium (Na) .........eu.ee. 10 pH ..... ceererereentsntietioeias 7.5
Potassium (K) ....... cenen 5.7 |l Specific conductance
Carbonate (CO,) i} (micromhos at
Bicarbonate (HCO,) ..... 80 25 C.)overrarcrcenrasmnenene 444
Sulfate (SO,) cevvenrrinnenen 125 Turbidity ...cc.ccceeceenianes 0.6
Chloride (Cl) .............. 13 Temperature (F.)...ccceeuue 46
Fluoride (F) .cccevuvnnenens .1 || Date of collection ......... Apr. 10,
Nitrate (NOS) .............. 4.4 1951
Dissolved solids ......... 340

CHARLES CITY
(Population, 10, 309)

Ownership: Municipal; also supplies about 200 people outside the city limits.
Total population supplied, about 10, 500.

Source: 4 wells (1, and 3 to 5), 1,241, 1,260, 1,315, and 287 ft deep. The yield
of the wells is reported to be 500, 580, 690, and 1,500 gpm. Well5isa
flowing well, reported as yielding from Cedar Valley limestone.

Treatment: None.

Storage: 800, 000 gal.

. ANALYSIS ‘
(Analysis, in parts per million, by U. S. Geological Survey)
Wells Wells
1, 3, and 4 1, 3, and 4

. (composite) (composite)
Silica (Si0,) teeevrrrrnnenn. 8.5 ||Hardness as CaCQy:
Iron (F€) .covevvirinncnnnnns 17 Total coceevrivnienerassnnene 244
Manganese (Mn) .......... .00 Noncarbonate ............ 13
Calcium (Ca) .............. 61
Magnesium (Mg) ......... 22 COLOT weeenrererecnrocnrnennnens 3
Sodium (Na) .............. . 13 0 - S 7.8
Potassium (K) ............ ’ 5.8 || Specific conductance
Carbonate (CO) .......... 0 (micromhos at
Bicarhonate (HCO) ..... 282 25 C.)eeene eecsesrrenrennane 515
Sulfate (SO,) 39 Turbidity .....c.ee.. cevecnees 0.4
Chloride (C1) 2.5 || Temperature (F.).....cc... -~
Fluoride (F) .8 || Date of collection ......... May 9,
Nitrate (NO,) L7 1951
Dissolved solids ......... 294

CHEROKEE

(Population, 7,705)

Ownership: Municipal; also supplies Illinois Central Railroad Co. Total popula-
tion supplied, 7,705.

Source: 3 wells (1 to 3), 209, 201, and 210 ft deep. The wells are located in the
same area.

Treatment: Chlorination,

Raw-water storage: 500,000 gal.

Finished-water storage: 500, 000 gal.
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CHEROKEE--Continued
ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water
(composite) (composite)
Silica (Si0,) .eeenriunenns 28 Hardness as CaCOy:
Iron (Fe) ..vevvevnrivnrnnns .45 Total ceevriieerenncnnennes 344
Manganese (Mn) .......... .03 Noncarbonate ............ 50
Calcium (Ca) ...coevevennee 94
Magnesium (Mg) ......... 27 (04 1+ 4
Sodium (Na) ...c.ceeneene. 26 11 SN 7.5
Potassium (K) ............ 5.1 || Specific conductance
Carbonate (COy) .......... 0 {micromhos at
Bicarbonate (HCO,) ..... 359 25 C.)evererernnnesarasecans 704
Sulfate (SO,) ...vevvenennee 106 Turbidity ........... ceessraes 3
Chloride (Cl1) .....covuvueee 1.5 || Temperature (F.)..cceeeu.. 53
Fluoride (F) ....cccoeeenn. .6 || Date of collection ......... Feb. 21,
Nitrate (NOg) ..couvvernnenn 1.9 1951
Dissolved solids ......... 486
Depth (feet) ..cocvveiriiiniiicniiniieciieinninceees seerecrasssarsensosvosrartananne 201-210
Diameter (inches) .......c.ccccueuee. ceerveee O 8-15
Date drilled .......cvevverniennnnenns RN veseseraannanaon 1912-47
Percent of supply .........cceeenens seceenes PPN 100
CLINTON

and 1,348 gpm. Well 8 furnishes about one-third of the supply.

Treatment: Chlorination.

Raw-water storage:

Finished-water storage: 1,250,000 gal.

None.

(Population, 30, 379)

Ownership: Clinton Water Works Co.

Source: 5 artesian wells (3, and 5 to 8), 1,685, 1,800, 2,101, 2,101, and 2,106
ft deep. The yield of the wells is reported to be 1,000, 800, 1,250, 2,000,

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
- Well 8 s Well 8
F‘;’;Sheg (finished Finished |4y1;5hed
€r= 1 water) water ® | " yoter)
Silica (SiOp) veeeerenne 10 9.8 |[|Hardness as CaCOy:
Iron (Fe) ...ouue .14 .33 Total seeeresessccncns 277 258
Manganese (Mn) ..... .00 .00 Noncarbonate...... 8 8
Calcium (Ca) ....euee. 64 54
Magnesium (Mg)..... 29 30 COIOr veeecervevances 1 2
Sodium (Na) ..cecoeeee| 36 13 PH o cieriiininrenensecnnes 8.2 7.9
Potassium (K) ....... 8.0 7.0 ||Specific conductance
Carbonate (COy)..... 0 0 (micromhos at
Bicarbonate (HCO,) | 329 306 25 C.)veverenencnrens 670 535
Sulfate (SO,) .ccounuees| 47 23 Turbidity ..eceveceneses 0.6 1
Chloride (C))....... o 29 11 Temperature (F.)... 68 -
Fluoride (F) cevvereees .4 .3 ||Date of collection... | May 11,| May 11,
Nitrate (NOy) ......eee .9 1.0 1951 1951
Dissolved solids..... 388 300
Depth (feet) weeiverevieiniiiiniiiaieiiiiieiiaceenens ceecanes vesensas ceensatercnenaces 2,106
Diameter (INChes) «cervereeieenncerneennennes serserenncaes cevesssesnrtancenons sorsseee 16-12
Date drilled .cecoeeienceiiancerictscncnetsscccscsascsssccssrances ereastrecrescersaasesacns 1944
Percent of supply ...cevvnvinnnnes desecsesiuesaicctsoraccans vesseesn sereeercecens vevesens 33

2 Composite sample from well 3 (10 percent) and well 7 (90 percent).
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COUNCIL BLUFFS
(Population, 45,429)

Ownership: Municipal.

Source: Missouri River. .

Treatment: Prechlorination, coagulation with alum and lime, sedimentation, am-
moniation and postchlorination.

Rated capacity of treatment plant: 8,000, 000 gpd.

Raw-water storage: None.

Finished-water storage: 13,000,000 gal.

There is considerable variation in the composition of the water throughout the
year. The new treatment plant, now under construction, will have provisions
for softening the supply.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water
Silica (810} teeerrereenrnen 13 Hardness as CaCQy:
Iron (Fe) ........ ceereereenn .06 Total covveerinreacerannnnas 262
Manganese (Mn) .......... .03 Noncarbonate ......oeeee 88
Calcium (Ca) .....ceveuenns 69
Magnesium (Mg) ......... 22 4
Sodium (Na) ...eeueenneen 54 . 8.3
Potassium (K) ............ 5.0 || Specific conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 212 25 C. )eevecnneserceccscranee 720
Sulfate (SO,) ..... veeserasen 180 Turbidity ....cccocevene 4
Chloride (Cl) ....... vevees . 16 Temperature (F.)..ccceneu. 34
Fluoride (F) cccccveeennnnn. .5 || Date of collection ......... Feb. 27,
Nitrate (NOy) .............. 2.0 1951
Dissolved solids ......... 484
CRESTON

(Population, 8, 317)

Ownership: Municipal; also supplies about 100 people outside the city limits.
Total population supplied, about 8, 400.

Source: Artificial lake (impounded surface runoff).

Treatment: Coagulation with alum, lime, carbon, ammoniation (ammonium sul-
fate), sedimentation, rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 1,000, 000 gpd.

Raw-water storage: 461,900,000 gal in lake.

Finished-water storage: Elevated tank, 1,200,000 gal.
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CRESTON--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Raw |1=‘inished Raw |[Finished

water water water water
Silica (SiOp) .evevvese. 8.2 7.3 ||Hardness as CaCO,:
Iron (Fe) ...... .08 .03 Total weeeecerecaasons 96 112
Manganese (Mn) ..... .04 .02 Noncarbonate...... 13 24
Calcium (Ca) .vveeens| 26 32
Magnesium (Mg).....| 7.6 7.8 ||Colorseecrereensanasenes 20 4
Sodium (Na) .......... 6.0 5.3 [IPH eeerreerresneesssnnee 7.4 7.8
Potassium (K) ....... 5.9 4.8 Speciﬁc conductance
Carbonate (CO,) ..... 0 0 (micromhos at
Bicarbonate (HCO,) | 101 108 25 C.)uvereenereneess 225 256
Sulfate (SO,) «..cveeees 23 31 Turbidity .cccevereneens 45 2
Chloride (Cl) ......... 3.0 6.5 ||Temperature (F.)... 42 44
Fluoride (F) .......... .4 .3 ||Date of collection... |Feb. 27, | Feb. 27,
Nitrate (NOy) ....... . 2.8 1.2 1951 1951
Dissolved solids.....;] 160 172

Regular determinations at treatment plant,1950

Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
{ppm) (ppm)
Av | Max| Min| Av|Max|Min | Av | Max|{ Min| Av | Max| Min
Raw water......... --| 92| 60| --/8.0|7.2] --| 103 86 -~ --f --
Finished water...! --| 90| 50| --18.0| 7.0] --|103| 86 --] --| --
DAVENPORT

(Population, 74, 549)

Ownership: Davenport Water Co. ; also supplies about 500 people outside the city
limits, and the city of Bettendorf.. Total population supplied, about 80, 200.

Source: Mississippi River.

Treatment: Coagulation with alum, sedimentation, carbon if necessary, lime for
pH adjustment, rapid sand filtration, chlorination, and fluoridation (approved
1952).

Rated capacity of treatment plant: 14, 000, 000 gpd.

Raw-water storage: 5,000,000 gal.

Finished-water storage: 5,000,000 gal.

The water from the river flows by gravity into a raw-water wellfrom wh1ch it is
pumped at the beginning of the treatment process.



174 INDUSTRIAL UTILITY OF PUBLIC WATER SUPPLIES IN THE UNITED STATES, 1952

DAVENPORT--Continued

ANALYSIS
(Analysis, in parts per million, by U, S. Geological Survey)
Finished Finished
water water

Silica (8i0,) ...ecevveneen. 7.9 || Hardness as CaCOy:
Iron (Fe) .o.vcvevevennnnnns .07 Total cococineienierancnnanns 128
Manganese (Mn) .00 Noncarbonate ............ 61
Calcium (Ca) .............. 36
Magnesium (Mg) 9.3 [|COlOT .cvviureiarverinenananns 5
Sodium (Na) ............... 3.4 |[PH covvrvceirecinrioneniannans 7.2
Potassium (K) ............ 2.2 || Specific conductance
Carbonate (CQy) .......... 0 (micromhos at
Bicarbdnate (HCO;) ..... 82 25 C.)evrvecerorinrancananns 291
Sulfate (SO,) ..cccvvveennenn 56 Turbidity .......ce... cecesnes 1
Chloride (Cl) ....covvuvunns 5.0 || Temperature (F.)...coee... 55
Fluoride (F) .ceureenn..... .1 || Date of collection ......... May 11,
Nitrate (NO;) veveerenen. 5.4 1951
Dissolved solids ......... 196

Regular determinations at treatment plant, 1950

Alkalinity Hardness

as CaCQ, pH as CaCO, Turbidity

(ppm) {ppm)
Av | Max| Min| Av|Max|Min | Av | Max| Min{ Av [ Max| Min
Raw water......... 125| 139] 108/ 7.6 8.1|7.2 | 140 | 162 | 112| 130| 570 |35
Finished water...| 107| 123| 94| 7.0} 7.1]6.9 |144]162] 127] .20/ .83 | .11
DES MOINES

(Population, 177, 965)

Ownership: Municipal; also supplies a population of about 17, 600 in other com-
munities outside the city limits, Total population supplied, about 195, 000.

Source: Infiltration gallery along the Raccoon River, 50 to 75 percent of supply;
Raccoon River impounded, 25 to 50 percent of the supply.

Treatment: Softening with lime and soda ash, coagulation with alum, recarbona-
tion, rapid sand filtration and addition of polyphosphate for stabilization, and
chlorination.

Rated capacity of treatment plant: 48, 000, 000 gpd.

Raw-water storage: Impounding reservoir, 1,570,000,000 gal.

Finished-water storage: Clear wells, 10, 000, 000 gal; tower, 2,000,000 gal.

The infiltration gallery is constructed of reinforced concrete rings 2 ft long and
4 and 5 ft inside diameter, placed in the sand and gravel 15 to 31 ft deep
in one continuous line parallel with the river and from 150 to 300 ft back from
the main channel. It is constructed to permit the entrance of water from the
surrounding sand and gravel through openings between each ring, and serves
the double purpose of collecting the water and carrying it by gravity to the
pumping station. At the present time the gallery is approximately 3 miles
long.

The impounding reservoir is located southwest of Commerce in the Raccoon River
valley. Water from this source is used during drought periods or in emer-
gencies. .



IOWA 175

DES MOINES--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw [Finished Raw |[Finished

water @ | water?@ water 2 | water a
Silica (Si0p) ...ceeeee| 16 11 Hardness as CaCO,:
Iron (Fe) coeeeenrnennns .10 .03 Total weceeescaccenss . 342 78
Manganese (Mn)..... .03 .02 Noncarbonate...... 71 31
Calcium (Ca) .........| 88 12 -
Magnesium (Mg).....| 30 12 COlOr eseerrenes 5 3
Sodium (N2) ceeeeeenes 16 38 o] ; S Y 7.6 9.8
Potassium (K) c.eeeee 3.1 3.6 |[Specific conductance
Carbonate (COy) ..... 0 26 {(micromhos at
Bicarbonate (HCOg | 330 4.0 25 CL)ureeccnecnnanes 677 341
Sulfate (SO,) ...eseeees| 87 90 Turbidity ..coeeueveeees 2 0.4
Chloride (Cl).. 14 14 Temperature (F. )... 48 52
Fluoride (F) c.ceaneeen .3 .2 ||Date of collection... |Feb. 26, Feb. 26,
Nitrate (NOy) ......... 1.4 1.4 1951 1951
Dissolved solids.....| 432 212

Regular determinations at treatment plant

Alkalinity Hardness
as CaCQ, pH as CaCQ, Turbidity
(ppm) (ppm)
Av|Max| Min| Av [Max| Min| Av |Max|Min | Av|Max|Min
Raw water......... 229 1 275| 206 7.5 7.8 7.4[290 | 365|202 |21 {1000 |0. 30
Finished water...] 39 | 49§ 29(10.1[10.3| 9.8| 83 | 114| 44 | .18| .61 0

aInfiltration gallery.

DUBUQUE
(Population, 49,671)

Ownership: Municipal.

Source: 8 wells (1 to 8), 1,300, 1,300, 1,460, 1,460, 1,500, 1,504, 1,563, and
1,781 ft deep for regular supply; mine tunnel (known as the '"Levels' Spring),
auxiliary supply. The yield of the wells is reported to be 2,800 (wells 1 to 4,
pumped as a unit), 900, 2, 000, 2, 400, and 2,430 gpm,

Treatment: Chlorination and ammoniation,

Rated capacity of treatment plant: 10, 000, 000 gpd.

Raw-water storage: None.

Finished-water storage: Reservoirs, elevatedtanks, and standpipe, 12,000, 000gal.
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DUBUQUE--Continued
ANALYSIS
(Analysis, in parts per million, by U. 8. Geological Survey)

I Wells Wells
(finished (finished
water) . water)

Silica (8i0,) ..ccevvnivennns 12 Hardness as CaCOy:
Iron (Fe) ........ ceereneeene .24 Total coveeinrecacenracnneens ! 282
Manganese (Mn) .00 Noncarbonate ............ 18
Calcium (Ca) ....... 57
Magnesium (Mg) .. 34 COLOT eurerracrennnecnenennnnns 3
Sodium (Na) .......c.c..... 3.4 |IPH vevvrereenienincncncronarennes 7.8
Potassium (K) ............ 2.6 |l Specific conductance
Carbonate (COQ) .......... 0 " (micromhos at
Bicarbonate (HCO,) ..... 322 25 C.)ecerenrnncennacennnne 525
Sulfate (SO,) cevvereennnnen 18 Turbidity ........... crerennns 2
Chloride (C1) ceeuivrenrnes 5.5 § Temperature (F.)...cceu... -
Fluoride (F) ............... .2 I Date of collection ......... May 10,
Nitrate (NOy) «.vvveenue.e 4 1951
Dissolved solids ......... 296
Depth (feet) .iceevrviinniiiinninrciiienieieeiainee erssessencas ceereecanns sereseseans t,300-1, 781
Diameter (inches) ....... vecassesencan cosensnscestsecsensiartesenitons 6-15
Date drilled ..ciceceevererennenrencane teseeacsacensasasencnne cereeneertncnsasananne 1899-1946
Percent of supply ...c.ceecveeinnens eresasrassesssitraacrasanasotatsacnesesoversas 100

Ownership: Municipal.
Source:

ESTHERVILLE
(Population, 6,719)

5 wells (1 to 5) 35, 25, 400, 395, and 395 ft deep; yield reported to be

500 (not reported for well 2), 2,045, 1,115, and 1,115 gpm, respectively.

Treatment: None.
Storage: Elevated tank and standpipe, 800,000 gal.
" ANALYSIS |
(Analysis, in parts per million, by U. S, Geological Survey)
Wells 3, 4,5 Wells 3, 4, 5
(composite) ) (composite)
Silica (S10,) ..uvvvvverenens 19 Hardness as CaCOy:
Iron (Fe) ........ ceererrenas 1.7 Total civeriennanieinnannnn. 632
Manganese (Mn) ... .00 Noncarbonate ............ 360
Calcium (Ca) .............. 156
Magnesium (Mg) ......... 59 Color ...evunene creesesererasens 4
Sodium (N2a) ...ccececeennes 63 1) - S s 7.8
Potassium (K) . 4.8 || Specific conductance
Carbonate (CO,) ... 0 (micromhos at
Bicarbonate (HCO,) ..... 332 25 C. )ovceraernsaneerasannns 1,370
Sulfate (SO,) 483 TUrbidity .u..eeee.. ceerenes 20
Chloride (C1) 3.5 || Temperature (F.,)...... 54
Fluoride (F) .4 |l Date of collection . May 31,
Nitrate (NOy) ..ceeuvuennns 5.6 1951
Dissolved solids ......... 1,010
FAIRFIELD

Ownership: Municipal.

(Population, 7,299)

Source: Reservoir (impounded runoff from the surrounding terrain) for regular
supply; 3 wells for emergency use only.
Treatment: Prechlorination, coagulation with alum and lime, activated carbon
(Nuchar) postchlorination, and rapid sand filtration.
Rated capacity of treatment plant: 900, 000 gpd.
Raw-water storage: Reservoir.
Finished-water storage: 650,000 gal.
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FAIRFIELD--Continued

ANALYSIS
‘(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water ) water
Silica (Si0,) ......c.eveeues 2.6 || Hardness as CaCQy:
Iron (Fe) ...ccvvvennennnnn. .07 Total ceveenerninnnincnnnns 143
Manganese (Mn) .......... .00 Noncarbonate ............ 79
Calcium (Ca) .............. 43
Magnesium (Mg) ......... 8.7 ||COlOr ceerviriaeiiriiiancnnns 3
Sodium (Na) ............... 3.6 ||pH........ vecrsaenees ceerraenans 7.5
Potassium (K) ............ 4.3 || Specific conductance
Carbonate (CQy) .......... 0 (micromhos at
Bicarbonate (HCO) ..... 78 25 C. )eveerernsernnanaonses 316
Sulfate (SO,) ....ccveeennen 75 Turbidity ......... veesssreren 0.8
Chloride (Cl) .............. 11 Temperature (F.)...cc.c... 48
Fluoride (F) .ccccovunennns .1 | Date of collection ......... Apr. 10,
Nitrate (NOy) ....c.uvenne. 1.1 1951
Dissolved solids ......... 236
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCoO, pH as CaCoO, Turbidity
{(ppm) (ppm)
Av| Max{Min| Av [Max|Min| Av | Max|Min | Av |Max| Min
Raw water......... 83 (12063 |7.3 | --| -- =] == | ==] -~]90 |5
Finished water..{ -- | -- | -- |7.8| 7.8}7.5 - == -1 -~ .7 .1
FORT DODGE

(Population, 25,115)

Ownership: Municipal; also supplies about 3,500 people outside the city limits.
Total population supplied, about 28, 600.

Source: 5 artesian wells (8,-9, 12, 14, and 15), 1,040, 553, 507, 973, and 2, 307
ft deep. The yield of the wells is reported to be 1,000, 1,500, 1,500, 2,800,
and 2,800 gpm. The greater part of the supply is furnished by well 15.

Treatment: Aeration, chlorination, sedimentation, and rapid sand filtration.

Rated capacity of treatment plant: 9,000,000 gpd.

Raw-water storage: None,

Finished-water storage: 2,000,000 gal.
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FORT DODGE--Continued

ANALYSES
(Analyses, in parts per million, by U, S. Geological Survey)
Well 15 | Wellsb Well 15 | Wellsb
(raw [8, 9, 12, (raw |8, 9, 12,
water)2 | and 14 water)2 | and 14

Silica (Si0,) ..eveerens 29 14 Hardness as CaCOj:
Iron (Fe) seseeserrscane .4 .16 Total wessnacsesesecce 432 466
Manganese (Mn) ..... - .03|| Noncarbonate...... 172 99
Calcium (Ca) .........| 104 115
Magnesium (Mg)..... 49 44 CoOlOT ssecsosarcense cenre - 4
Sodium (Na) .......... 175 /60 ) 2); ST 7.1 7.6
Potassium (K) ....... \_ 6.6 |/Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) | 318 448 25 C.)urveerneeesanie - 1,050
Sulfate (SO,) 223 170 Turbidity..eceseeeennee -- 2
Chloride (Cl). 227 40 Temperature (F.)... -- 52
Fluoride (F) .2 .7 ||Date of collection... |Dec. 31, | Feb. 23,
Nitrate (NOy) ......... - 3.1 1948 1951
Dissolved solids.....[1, 073 692
Depth (fEt) +eveverrrrereireriiieriaereeeessssreaneersrareaseans everarones 2, 307
Diameter (inches) « veciecrcniiniiiiiireciiirivacenans ssecetasnenrrstiiaes 12
Date drilled ...ieieciiiiiiiiiiiainiieceeiiennneenseens seesessssscesnnnrantes 1948
Percent of SUPPLY cvveerverriririertiiineriiusiiosesnnisseriesssnsaserssnns --

2 Analysis by Sanitary and Hydraulic Engineer, Ames, Iowa.
b Finished water.

FORT MADISON
(Population, 14,554)

Ownership: Municipal.

Source: Mississippi River.

Treatment: Coagulation with alum and hme, activated carbon, sedimentation,
rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 3,000,000 gpd.

Raw-water storage: 650,000 gal.

Finished-water storage: 130, 000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water

Silica (810,) .cecvereveenees 9.2 || Hardness as CaCQy:
Iron (Fe) ..ccceveveeecnnnnns L18[F Total civiiiiiiiininannens 135
Manganese (Mn) .......... .00 Noncarbonate ............ 83
Calcium (Ca) .............. 38
Magnesium (Mg) ......... 9.8 || ColOr wvvveraineinenninnnnnanns 4
Sodium (Na) ..ceceevnvnnnns N1 51) ; S NS 7.0
Potassium (K) ............ 3.0 || Specific conductance
Carbonate (CQy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 64 25 C.)eeereenrcconsasorenass 304
Sulfate (SO,) 68 Turbidity ..cceoeeceverenane. 2
Chloride (Cl) 13 Temperature (F.)...coee.en 49
Fluoride (F) .1 || Date of collection ......... Apr. 11,
Nitrate (NO,) «.cuvveerrenne 7.9 1951
Dissolved solids ......... 228
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_ FORT MADISON--Continued
Regular determinations at treatment plant, 1950

Alkalinity ) Hardness
as CaCO, pH as CaCO, Turbidity
(ppm) {ppm)
Av |Max| Min| Av [Max| Min| Av|Max|{Min | Av|Max|Min
Raw water......... 100 | 150 90{7.4 | 7.8 7.0| 100{ 150 --[200 [3000| --
Finished water,..| 110 | 140| 100|7.0 | 7.2 | 7.0| 120| 164 --| .5| .5| 0.5
GRINNELL

i ) (Population, 6,828)

Ownership: Municipal; also supplies a few people outside the city limits. Total
population supplied, about 6, 860.

Source: 2 wells (5 and 6) 2,260 and 2,498 ft deep. The yield of the wells is re-
ported to be 520 and 800 gpm, respectively.

Treatment: Aeration (proposed), zeolite softening, adjustment of pH and chlorin-
ation.

Rated capacity of treatment plant: 800, 000 gpd.

Raw-water storage: 1,000,000 gal.

Finished-water storage: 300,000 gal.

ANALYSES
‘(Analyses, in parts per million, by U. S. Geological Survey)
Well 5 | Well 5 Well 5 [Well 5
raw (fmlshed (raw [finished

water) { water) water)| water)
Silica (Si0p) .evvverees| 12 15 Hardness as CaCOy:
Iron (Fe) .ccoennrnees . .58 .13 Total weeesseesacercns 399 103
Manganese (Mn)..... . 00 .00 Noncarbonate...... 112 0
Calcium (Ca) .....e0.| 89 25
Magnesium (Mg).....| 43 9.8 ||Coloresescrecsiacsaraces 2 2
Sodium (Na) ..eecoes | 126 278 ) ; SRR . 7.5 8.3
Potassium (K) ....... 16 8.2 ||Specific conductance
Carbonate (COy) ..... 0 6 (micromhos at
Bicarbonate (HCOy) | 351 362 . 25 C.)uvennnnrnunanns 1,230 1,400
Sulfate (SO,) ........ «| 345 343 Turbidity...cceee.. 1 1
Chiloride (C1) .ccvveens| 23 34 Temperature (F.)... -- 50
Fluoride (F) ceovueees]. 1.2 1.2 |{Date of collection... May 14, |May 14,
Nitrate (NOyg) ......... 5.6 4.6 1951 1951
Dissolved solids..... 834 914
Depth (feet) ............ Cettetereereetarentiatettntaseneertatratneeronaen 2,260 --
Diameter (inches).........ccc.cvvvvuenennnnens etererestneneaserennrnatenes 6 --
Date drilled ......ccocovvuvivnnnrnreenionnennens 1920 --
Percent of supply - -

IOWA CITY
(Poputation, 27,212)

Ownership: Iowa Water Service Co.; also supplies University Heights and
Coralville. Total population supplied, about 28, 600.

Source; Iowa River.

Treatment: Aeration (spray), prechlorination, coagulation with alum and lime,
sedimentation, rapid sand filtration, and postchlorination.

Rated capacity of treatment plant: 2,000, 000 gpd.

Raw-water storage: 500, 000 gal.

Finished-water storage: 1,700,000 gal.

The composition of the raw water varies considerably throughout the year. Ex-
tremes for the year (Oct. 1, 1944 to Sept. 30, 1945, 36 analyses of 10-day
composites), dissolved solids, 400-203 ppm; total hardness, 345-156 ppm
(Geological Survey W, S. P, 1030, page 142, 1949), -
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IOWA CITY--Continued
ANALYSIS
(Aqalysis, in parts per million, by U. S. Geological Survey)

Finished Finished
water water
Silica (8i0,) ....cevvvveeen. 11 Hardness as CaCQ,:
Iron (Fe) ..ceceeeveiveneenns .12 Total civverreincnacersennen 238
Manganese (Mn) .......... .00 Noncarbonate ............ 114
Calcium (Ca) .............. 68
Magnesium (Mg) ......... 17 (00) 1) NN seeeens 5
Sodium (N2a) .cevverennens 4.6 IPH coeiecieiiiacseinnicanenans 7.2
Potassium (K) ............ 2.4 Specmc conductance
Carbonate (CQy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 151 25 C.)eenveneeeenennsecnens 491
Sulfate (8O,) ..ecvevnnene. 90 Turbidity ....cccoccieeennn. 1
Chloride (Cl) .....cceuuu... 11 Temperature (F,)...cc.e... -
Fluoride (F) .ccecevnvennnn. .1 || Date of collection ......... May 12,
Nitrate (NO,) ...cevvvenen. 17 ' 1951
Dissolved solids ......... 332
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCO, pH as CaCoO, Turbidity
(ppm) (ppm)
Av| Max|Min{ Av |Max|Min| Av | Max|Min | Av | Max| Min
Raw water......... -- e e == == --| -- --| =~--1350 (3200 3
Finished water..) --1 - --|7.6l|s8.0]7.2|240] 340]f 120} --| --] --
KEOKUK

Ownership: Municipal.,
Source: Mississippi River.

(Population, 16,144)

Treatment: Prechlorination, coagulation with alum, softening with lime, sedi-
mentation, activated carbon, ammoniation (ammonium sulfate), recarbonation,
rapid sand filtration, and postchlorination.

Rated capacity of treatment plant: 3, 000,000 gpd.

Raw-water storage: None.

Finished-water storage: 1

, 000, 000 gal.

The composition of the raw water varies considerably throughout the year.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)

Finished Finished

water water
Silica (Si0,) ...ccevveeeenns 8.4 || Hardness as CaCQ,:
Iron (Fe) .icceeeveveeneenens .08 TOtAl eeeeenrrerecrnreonennen 170
Manganese (Mn) .......... .00 Noncarbonate ............ Y
Calcium (C2) ......ceeuuuen 55
Magnesium (Mg) ......... 7.9 [|COLOr ceuerrurnnreeacnraiennnnne 3
Sodium (Na) ............... 3.6 [|PH ceovierencriiienioniacecannns 7.8
Potassium (K) ............ 3.0 || Specific conductance
Carbonate (CO) ... 0 (micromhos at
Bicarbonate (HCO,) ..... 114 25 C.)ecererennnans cearecees 362
Sulfate (SO,) ..ocoevrnnenee 64 Turbidity ...cceceeevecesenncs 1
Chloride (Cl) .......ceuu... 9.0 || Temperature (F.)..ceeeuues -~
Fluoride (F) ..cceeveeennne. .0 || Date of collection ......... Apr. 11,
Nitrate (NOg) ...evvnneenes 7.4 1951
Dissolved solids ......... 246
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KEOKUK--Continued

Regular determinations at treatment plant, 1950

Alkalinity Hardness )

as CaCoQ, pH as CaCoO, Turbidity

(ppm) (bpm)

Av | Max| Min| Av|Max|Min | Av | Max|{ Min| Av | Max| Min
Raw water........ 160 | 198 | 40(7.7 18.6 /6.8 | 198 230y 62| 801200 5
Finished water...] 72 }122] 3218.8 (9.3 8.0 100 170| 68 0 2 0

KNOXVILLE

(Population, 7,625)

Ownership: Municipal; also supplies 50 people outside the city limits. Total
population supplied, 7,675.
Source: 5 wells (1, 2, 3, 5, and 6) 47, 46, 46, 52, and 47 ft deep. The yield of
the wells is reported to be 390, 390, 500, 550, and 550 gpm.
Treatment: Chlorination.
Raw-water storage: None.
Finished-water storage: 2,000,000 gal..

ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)

Finished Finished
water water
(composite) (composite)
Silica (Si0,) ..cuvvveeerenn. 18 Hardness as CaCOy:
Iron (Fe) ...c..ocveenennes .08 Total ....... SN 268
Manganese (Mn) .00 Noncarbonate ............ 58
Calcium (Ca) .............. 74
Magnesium (Mg) 20 (0767 1< S PN 3
Sodium (Na) ............... 7.4 ||PH ........ ceeerecesensicatanenes 7.7
Potassium (K) ............ 1.8 || Specific conductance
Carbonate {CO,) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 257 1 X o) PN 530
Sulfate (SO,) ..cevevavennes 54 Turbidity .....ccocevvnnnences 0.7
Chloride (C1) ......cceuvueen 9.0 || Temperature (F,)..cccc.... -
Fluoride (F) ...ccccevuunee. .2 || Date of collection ......... May 14,
Nitrate (NOg) ..eeeeerennnne 4.9 1951
Dissolved solids ......... 340
MARSHALLTOWN

(Population, 19,821)

Ownership: Municipal; also supplies Soldiers Home and about 150 people outside

the city limits.

Total population supplied, about 20, 500,

Source: 4 wells, 50, 100, 170, and 225 ft deep for regular supply. Iowa River,
auxiliary supply. The yield of the wells is reported to be 350, 2,000, 700,
and 700 gpm, respectively,

TFreatment: Aeration, softening with lime, recarbonation, sedimentation, and
rapid sand filtration.

Rated capacity of treatment plant: 4, 000, 000 gpd.

Raw-water storage: None. )

Finished-water storage: 2,500, 000 gal.
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MARSHALLTOWN--Continued
ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)
Wells Wells Wells Wells
(raw  |[(finished (raw |(finished
water) water) water) | water)
Silica (810 .......... 16 9.1 ||Hardness as CaCOj,:
Iron (Fe) ccocvrrrennnnn 2.7 .08 Total wececsrencssnees 308 112
Manganese (Mn)..... .46 .02 Noncarbonate...... 70 72
Calcium (Ca) .........| 81 23
Magnesium (Mg).....| 26 13 5 4
Sodium (Na) .....ce.u. 21 21 7.7 7.5
Potassium (K} ....... 2.3 2.3 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOy) | 291 49 25 C.)..... sesesssee . 643 337
Sulfate (SO,) .v.cevuree 105 105 Turbidity ..eeceeereeess 15 0.5
Chloride (Cl) .c.cuuees 5.0 5.5 ||Temperature (F.)... 46 47
Fluoride (F) ccveveees .4 .3 ||Date of collection... |Feb. 24, [Feb. 24,
Nitrate (NO)) ......... 1.8 3.5 1951 1951
Dissolved solids.....| 416 220 :

MASON CITY
(Population, 27, 980)

Ownership: Municipal,

Source: 6 wells (7 to 12), 1,230, 1,219, 1,200, 1,243, 1,306, and 1,585 ft deep.
The yield of wells 7, 8, 9, and 10 is reported to be 1,000 gpm, each, and of
wells 11 and 12, 1,200 gpm, each.

Treatment: None.

Storage: 6,000,000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Wells Wells
(composite) (composite)
Silica (8i0,) ...ccvevreenn.. 8.3 ||Hardness as CaCOQy:
Iron (F€) .ccevrevvennen vaen .19f]. Total ceeeeeniinenannninie. 330
Manganese (Mn) ........ .. .00 Noncarbonate ............ 0
Calcium (Ca) ......o..u.... 79
Magnesium (Mg) ......... 32 COlOT ucvirrirecercoarannonnens 1
Sodium (Na) .........eee... 40 pH ..... cereerreseesnsasnraceaes 7.5
Potassium (K) ............ 2.4 || Specific conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO) ..... 407 25 C.)oveenncrene 760
Sulfate (SO,) ......... cereen 66 Turbidity ....c..ccceeee 0.8
Chloride (Cl) ....ccevvuue.n 7.5 || Temperature (F.).......... 50
Fluoride (F) ccceevrenennnnn .6 || Date of collection ...,. May 9,
Nitrate (NOg) ...coceuvnnans 2.2 1951
Dissolved solids ......... 444
MUSCATINE

(Population, 19,041)

Ownership: Municipal; also supplies about 600 people outside the city limits.
Total population supplied, about 20, 600.

Source: 12 wells, each 50 ft deep. Five 8-in. wells, and five 12-in. wells are
pumped into a single suction line, The two 20-in. wells (1 and 2) are pumped
separately. The yields are reported to be (not reported for the 8-in. wells)
900 gpm, each, for the 12-in. wells, and 1, 100 gpm,each, for wells 1 and 2.

Treatment: Chlorination.

Raw-water storage: None.

Finished-water storage: 3,500, 000 gal.
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MUSCATINE--Continued
ANALYSIS
(Analysis, in parts per million, by U. 8. Geological Survey)
Finished Finished
water water

. (composite) (composite)
Silica (Si0,) v.oevevivvnnens 16 Hardness as CaCQq:
Iron (F€) .uveveviennirneones .14 Total cccivviiiiinniarsennns 162
Manganese (Mn) .......... 31
Calcium (Ca) ....ccovneen.
Magnesium (Mg) ......... 1
Sodium (Na) .......ceeeneen . 8.0
Potassium (K) ............ . 6 1| Specific conductance
Carbonate (CO,) 0 (micromhos at
Bicarbonate (HCO,) ..... 160 25 C.)ueverenrnonecocesannns 334
Sulfate (SO,) ..evenrurnenne. 20 Turbidity ....c....... 0.7
Chloride (Cl) .........u.... 7.0 || Temperature (F.)... --
Fluoride (F) ...ccocunvnnues .1 || Date of collection May 11,
Nitrate (NQg) ...cevvuvennn. 11 1951
Dissolved solids ......... 204

NEWTON

(Population, 11, 723)

Ownership: Municipal; also supplies about 1, 500 people outside the city limits.
Total population supplied, about 13, 200.
Source: 11 wells 51 to 65 ft deep. The yield for most of the wells is reported to

be 300 gpm.

Treatment: Chlorination.
Raw-water storage: None.

Finished-water storage: Reservoir, 3,200,000 gal elevated tank, 600, 000 gal.

o ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)

Ownership: Municipal.

(Population, 7,858)

Finished Finished
water water
(composite) (composite)
Silica (S10,) ...evevvrenenns 22 Hardness as CaCQy:
Iron (F€) .vcvvveenenrnnnnnns .68 Total civeieniiiniennenennns 337
Manganese (Mn) .......... .31 Noncarbonate ............ 96
Calcium (Ca) .............. 86
Magnesium (Mg) ......... 30 [810] Lo 3
Sodium (Na) ............... 7.7 IPH civiieiiiiiiiiiiecinicnieas 7.5
Potassium (K) ............ 1.8 || Specific conductance
Carbonate (COg) 0 {micromhos at
Bicarbonate (HCO,) ..... 294 25 C. )evvernrencrisonnancans 622
Sulfate (SO,) ..ccecenranenns 95 Turbidity ....cccececeeenennes 3
-Chloride (CI) vuvuevrrreeees 5.5 || Temperature (F.).......... 53
Fluoride (F) ...c.coevvenene .1 || Date of collection ......... Feb. 26,
Nitrate (NOg) .....oeennn. 1.3 1951
Dissolved solids ......... 414
OELWEIN

Source: 2 wells (35 and 42), 119 and 1, 328 ft deep. A third well (31), 122 ft deep,
The yield of the wells is reported to be

is to be put into service soon (1951).

520 and 750 gpm.
Treatment: None.
Storage: 780, 000 gal.
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OELWEIN--Continued

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Wells Wells
35 and 42 35 and 42

Silica (Si0,) ...eveveveennen 8.0 || Hardness as CaCOy:
Iron (F€) .cvcveerererennnene . 08 TOtal cevevrerrnrareennronnes 234
Manganese (Mn) ........ . .00 Noncarbonate ............ 3
Calcium (Ca) ............ . 44
Magnesium (Mg) ......... 30 1
Sodium (Na) ............... 20 7.7
Potassium (K) ............ 7.8 || Specific conductance
Carbonate (CO,) .......... 0 (micromhos at
Bicarbonate (HCO) ..... 282 25 C.). 526
Sulfate (SO,) ..covverunennan 45 Turbidity 0.6
Chloride (Cl) ......c.e..... 2.5 || Temperature (F.).......... -
Fluoride (F) vcevvenrenens .9 || Date of collection ......... May 10,
Nitrate (NOg) .....vvvvene 2.9 1951
Dissolved solids ......... 302

OSKALOOSA

(Population, 11,124)

Ownership: Municipal; also supplies about 275 people outside the city limits.
Total population supplied, about 11, 400.

Source: Skunk River, 70 percent of supply; 4 wells (11 to 14) 52, 54, 44, and 44
ft deep, 30 percent of supply. The yield of the wells is reported to be 900,
975, 900, and 1,000 gpm.

Treatment: Softening with lime and soda ash, coagulation with alum, recarbona-
tion, rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 3, 000,000 gpd

Raw-water storage: 7,000,000 gal.

Finished-water storage: 750 000 gal.

Atthe time of the collection of the sample for analysis in May 1951, the wells were fur-
nishing the entire supply because of a special condition of the Skunk River whichre-
quired a long detention period for clarification. There is a possibility that the river
maybe discontinued as a source of supply, althoughthis was the principal source
in 1950.
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OSKALOOSA --Continued

ANALYSES
(Analyses, in parts per million, by State Hygienic Laboratory, Iowa City)
Well 11 | Well 12 | Well 14 | Wells2 | WellsP
Silica (SiOp) seeesrsererscnss _— - — - 12
Iron (F€) veceerereeniraneres 0.4 7.5 5.0 0.1 .08
Manganese (Mn) .......... .6 3.2 2.2 .0 .00
Calcium_ (Ca) ....... ereess 68 82 92 24 25
)élladgi'nesx&m)(Mg) ------ 21 24 26 4.9 5.5
odium (Na) ......ccoeeeee 17
Potassium (K) . ........... 14 13 22 { 1.3
Carbonate (COy) - 0 5 0
Bicarbonate (HCOy)...... 251 303 361 46 58
Sulfate (8O,) ....... vecesaes 57 71 59 66 59
Chloride (Cl) .......cceu.e. 10 6 6.0 7 8.0
Fluoride (F) ... .3 .1 .2 1 .2
N?trate (NO,) ....... 2.1 1.8 1.8 3.5 2.9
Dissolved solids ......... 325 372 411 167 166
Hardness as CaCQ,:
258 326 349 80 85
50 54 44 34 37
-- - - - 2
7.4 7.2 7.2 8.6 8.3
Specific conductance
(micromhos at 25 C.) 492 562 . 621 241 264
Turbidity .cceeevesnnenens . - - -- -- 0.5
Temperature (F.,)........ 58 52 -- -- --
Date of collection ........ Dec. 5,| Dec.5, | Dec. 16,| Dec. 5, May 14,
1950 1950 1950 1950 1951
Depth (feet) ............... 52 54 44
Diameter (inches),....... 26 26 26
Date drilled ............... 1945 1947 1949
Percent of supply ........ - - -

2 Finished water, composite.
b Finished water, composite. Analyzed by Geological Survey.

OTTUMWA
(Population, 33,631)

Ownership: Municipal; also supplies about 500 people outside the city limits.
Total population supplied, about 34, 100.

Source: Des Moines River.

Treatment: Aeration, softening with lime and soda ash, coagulation with alum or
iron sulfate, activated carbon, recarbonation, sedimentation, rapid sand fil-
tration, and chlorination.

Rated capacity of treatment plant: 8,000, 000 gpd.

Raw-water storage: None.

Finished-water storage: 11,000,000 gal.

There is considerable variation in the composition of the raw water throughout the
year.
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OTTUMWA--Continued
ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)
Raw rFinished Raw |Finished

water water water water
Silica (8i0p) .eevevvens| 12 7.1 ||Hardness as CaCOj:
Iron (F€) oovvvvicenees .29 C12|l Total weesercesecensen 131 80
Manganese (Mn) ..... .13 .00|| Noncarbonate...... 32 50
Calcium (Ca).........| 38 30
Magnesium (Mg)..... 8.8 1.3 [Color sieeseeucecencere 40 2
Sodium (Na) .eeeeeneas 1.6 11 1) ; S, 7.4 7.8
Potassium (K) ..... . 3.3 3.9 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOy) | 119 36 25 C.)uuererenee 271 233
Sulfate (SO,) ........ | 30 63 Turbidity .....cooeeeens 310 0.9
Chloride (Cl)....... . 2.0 4.5 ||Temperature (F.)... T
Fluoride (F) ...ceeeen. .1 .1 ||Date of collection... |APr. 10, |Apr. 10,
Nitrate (NOy) .ccvvvese| 11 7.9 1951 1951
Dissolved solids.....| 186 162

Regular determinations at treatment plant, 1949

Alkalinity Hardness

as CaCO, pH as CaCO, Turbidity

(ppm) (ppm)

Av | Max| Min| Av|Max|Min | Av | Max| Min |: Av | Max| Min

Raw water......... 161| 270 85 | 7.8 7.0 224|338 | 156 |416 [B000| 20
Finished water...] 36| 80; 16 {8.0]9.2| 7.2| 86{122| 70| .20/ 1.5 0

SHENANDOAH
(Population, 6,938)
Ownership: Municipal; also supplies about 400 people outside the city limits.
Total population supplied, about 7,300.
Source: 13 wells (3 to 15) ranging from 33 to 70 ft deep. The yield of the wells
is reported to range from 125 to 250 gpm and to average 179 gal.
Treatment: Aeration, softening with lime and soda ash, coagulation, sedimenta-
tion, recarbonation, rapid sand filtration, and chlorination.
Rated capacity of treatment plant: 1,500, 000 gpd.
Raw-water storage: None.
Finished-water storage: Water tower, 400,000 gal; reservoir, 450,000 gal.

ANALYSES
(Analyses, in parts per million, by U. 8. Geological Survey)
6 Wells 6 Wells
(composite) (composxte)

watar | Finighed wity [Fipished
Silica (8i0)) ......... 4020 20 Hardness as CaCOy:
Iron (Fe) cievvenninnens 1.2 .08 Total ceeeerrrvecirone 400 176
Manganese (Mn).. .46 .00 Noncarbonate...... 166 128
Calcium (Ca)...... «| 106 25
Magnesium (Mg)..... 33 28 COlOT ceeereenne ceensnaen 4 3
Sodium (Na) ...eeeunes 15 31 ) ; U 7.2 9.1
Potassium (K} ....... 2.1 1.9 (|Specific conductance
Carbonate (COy) ..... 0 12 (micromhos at
Bicarbonate (HCO,) | 2gg- 34 25 C.)everrnnennenne 718 500
Sulfate (SOp) ..oeeeeeee 167 157 Purbidity ..ccoveeeese 1 0.4
Chloride (CH ......... 29 23 Temperature (F.) . -- 56
Fluoride (F).......... .3 .2 ||Date of collection... |Apr. 9, | Apr. 9,
Nitrate (NOy) ......... L1 L1 1951 1951
Dissolved solids..... 608 366
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SIOUX CITY
(Population, 83,991)

Ownership: Municipal; also supplies Morningside, Leeds, and Riverside. Total
population supplied, about 91, 000. )

Source: 12 wells (2 to 7, 11, 14, and 16 to 19), 288 to 377 ft deep. The yield of
the wells is reported to range from 1,110 to 1,750 gpm.

JTreatment: Chlorination.

Raw-water storage: None.

Finished-water storage: 24,000,000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S, Geological Survey)
Finished Finished
water @ water 2
Silica (8i0,) i.vevrrnresaene 25 Hardness as CaCOy:
Iron (Fe) ..cevveeennene .40 Total civeveriieriiccnnnnenns 472
Manganese (Mn) .......... .12 Noncarbonate ............ 141
Calcium (Ca) .............. 125
Magnesium (Mg) ......... 39 COLOT weuvnnierarernenenenannss 2
Sodium (N2) .......cceeene. 37 1) ; QR cererererens 7.5
Potassium (K) ............ 8.4 || Specific conductance
Carbonate (COQy) .......... 0 (micromhos at
Bicarbonate (HCOy) ..... 404 25 C.)evrnrnnonsoicnssanenes 982
Sulfate (SO,) .c.cevrnrreerne 183 Turbidity ....cccceee. sesersenn 1
Chloride (C1) ........c...e. 26 Temperature (F.)..ceerneee 54
Fluoride (F) ....c.cvueeneen .1 || Date of collection ......... June 15,
Nitrate (NOg) ..cevvrreennns 1.2 1951
Dissolved solids ......... 672
Depth (feet) ...... eeeereeentesesiacnninane ceecersareenariareas ceeresserssinrsssnraen 323-374
Diameter (inches) ............. eeeeerneens veerereesens cererernrenenrennsisesonene 16-20
Date drilled ......cccceceneerenreeeneesenseresssnns 1940-48
Percent of supply ....ccociviiiiininiincans voeres sresssnsseastensiaisotariaconne -

2 Composite sample, wells 14, 17, 18, and 19, Main Street pumping station.

SPENCER
(Population, 7,446)

Ownership: Municipal.

Source: 4 wells (5 to 8) 46, 37, 34, and 31 ft deep.
Treatment: Chlorination. )
Raw-water storage: None.

Finished-water storage: 80,000 gal.

Iron content of the water is reported to average 3.5 ppm. It is proposed to aerate
the supply for the removal of the iron.
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SPENCER--Continued

ANALYSIS
(Analysis, in parts per million, by U. S, Geological Survey)
Finished Finished
water water

(composite) (composite)
Silica (8i0,) ....cevveveneen 25 Hardness as CaCOQy:
Iron (Fe) ......ocovuneeee 1.7 Total ............ teeennenees 580
Manganese (Mn) .34 Noncarbonate ............ 328
Calcium (Ca) ........ 176
Magnesium (Mg) ......... 34 [676] 1+ PN 3
Sodium (Na) ....... 10 43 < SN 7.8
Potassium (K) ...... 2.6 Specific conductance
Carbonate (CO,) 0 (micromhos at
Bicarbonate (HCO,) .. 308 25 C. )averennsrininncanennns 1,090
Sulfate (SO,) ..evereerannen. 330 Turbidity ........... cenvennns 12
Chloride (Cl) ............. . 14 Temperature (F.)....c.o... -
Fluoride (F) ...ccevavenenen .1 Date of collection ......... May 31,
Nitrate (NOy) .......... 1.0 1951
Dissolved solids ......... 828
Depth (feet) «ccceverinvirnveniinecinennes ceenrerenenes chrrereasenrnens cesesiesens 31-46
Diameter (feet) 30
Date constructed ...... 1948-50
Percent of supply 100

STORM LAKE
(Population, 6,954)

Ownership: Municipal; supplies also a few consumers outside the city limits.
Total population supplied, about 6, 970.

Source: 3 wells (1 to 3) 110, 115, and 210 ft deep. The yield of each well is re-
ported to be 694 gpm. Storm Lake is used for auxiliary supply.

Treatment: Aeration, softening with lime, codgulation with alum, sedlmentatlon,
recarbonation, rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 1,000,000 gpd.

Raw-water storage: None.

Finished-water storage: Clear well, 211,620 gal; standpipe, 290,000 gal.
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STORM LAKE--Continued
: . ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw |Finished Raw |Finished
water | water water water
Silica (SiOg) «.evvvenne 39 29 Hardness as CaCO,:
Iron (Fe) ....... cereenel 8.1 .13 Total seevieressnenens 470 340
Manganese (Mn)..... .06 .02 Noncarbonate...... 135 142
Calcium (Ca) ..equeeee| 123 67
Magnesium (Mg).....| 40 42 COlOT ceressessaseorosses 5 4
Sodium (Na) ..ocovene| 26 25 pH.. ceerresane 7.4 7.7
Potassium (K) .......| 4,4 4.9 Specmc conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOy) | 409 242 25 C.)urecsurnennnnn 922 725
Sulfate (SO,) ..........| 169 166 Turbidity .cecvueerenens 25 0.6
Chloride (C1) ..cuvuues 14 15 Temperature (F.)... 54 55
Fluoride (F) .......... .3 .3 ||Date of collection... |Feb. 21, |Feb. 21,
Nitrate (NOy) ....... . 3.7 ) 1951 1951
Dissolved solids.....| 638 500
Depth (feet) .ccvviviiiiiiiniieiirniniierenaens eaeserestasencssncsnseannan 110-210
Diameter (inches) .....c.coccevuvnrenn. reeresnsniratsninennn teereeranaas 72
Date drilled ..cccieoviciiiiiiiniiiiiiiiiiiiiiiiiiietiiieiiiiionarireaeees 1034-48
Percent of SUPPLY ..covirreniiiiniieiieiiiiiciieieeiiiieienieiieiiecnienes 100
WATERLOO

Ownership: Municipal.

(Population, 65,198)

Source: 7 wells (7 to 13), 84, 82, 87, 81, 82, 87, and 81 ft deep. The yield of
each well is reported to be 2, 000 gpm.
Treatment: Chlorination and ammoniation.

Raw-water storage: None.
Finished-water storage: 9,000,000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water

(composite) (composite)
Silica (8i0,) ...cocvveennnen 16 Hardness as CaCOg:
Iron (Fe) ..cvivecrneniennees .04 Total ccvceneinenes . 241
Manganese (Mn) .......... .00 Noncarbonate ... 48
Calcium (Ca) .............. 67
Magnesium (Mg) ......... 18 COLOT .euverreenenecnrecnencnens 2
Sodium (Na) .......cceeen. 6.6 ||PH cvvveerenirrracacesocanernnens 7.9
Potassium (K) ............ .8 || Specific conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 236 25 Cu)everennsnncnsnncnns . 477
Sulfate (SO,) .ccevueennnnnn. 35 Turbidity ........... . 0.6
Chloride (C1) ....ccevevenn 10 Temperature (F.).......... --
Fluoride (F) ..oeevvevennen. .2 || Date of collection .. May 9,
Nitrate (NO) .............. 13 1951
Dissolved solids ......... 294
Depth (feet) «ceveveeernnens Ceeererersatentarerasessnsesesessnratorresraranearantacre 81-87
Diameter (inches) \ 16-24
Date drilled ..ciiovienveiiiiiiinnnes 1931-48
Percent of SUPPLY ccevevveriieiiiansiveniinniecsincnnas 100
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WEBSTER CITY
(Population, 7,611)

Ownership: Municipal.

Source: 4 wells (1 to 4) 1,900, 110, 80, and 75 ft deep. The yield of the wells is
reported to be 1,000, 700, 300, and 500 gpm.

Treatment: Softening with lime and soda ash, coagulation with alum, sedimenta-
tion, rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 1,440,000 gpd.

Raw-water storage: None.

Finished-water storage: Clear well, 450, 000 gal; elevated tank, 250,000 gal.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Raw (Finished Raw |Finished

water 2| water 2 watera| watera
Silica (SiOp) ..vvveee. . 19 6.6 ||Hardness as CaCOj;:
Iron (F€) .uevvurenes . 1.7 C14f] Total wesesreraessene 427 64
Manganese (Mn)..... .35 .01|| Noncarbonate...... 52 27
Calcium (Ca) ......... 91 13
Magnesium (Mg)..... 49 7.7 ||Colorsreiireniiiiisnnn 4 3
Sodium (Na) .....ccees 28 78 2] ; RN 7.6 9.8
Potassium (K) ....... 5.9 7.3 Specxflc conductance
Carbonate (COy) ..... 0 20 (micromhos at
Bicarbonate (HCOg) | 458 5.0 25 C.)verrrenenncnnns 846 528
Sulfate (SO,) ........ . 99 170 Turbidity ..c.coonvneaee 5 0.3
Chloride (C))......... 10 20 Temperature (F.)... 50 50
Fluoride (F) .......... 1.4 .7 ||Date of collection... |Feb. 23, [Feb. 23,
Nitrate (NOg) ......... .3 .4 1951 1951
Dissolved solids.....| 530 328
Depth (feet) .....ccevvrvrnenens Teeenas eetureessestrtrtcrnastitonarienasnanes [75-1, 900
Diameter (INChes)........cceceuiiiviurivenienienenrereeesnennrensesnnenenes 12-18
Date drilled .......cooiiiiiiiiiiiieiieenieiereiierreensaeneennsacansnes 1927-39
Percent of SUPPLY ...cvuiiiiiiiiruiiinrnniiernsrirnneneesereneenoesncnnes 100

2 Composite.
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ARKANSAS CITY
(Population, 12,903)

Ownership: Municipal.
Source: 8 wells.
Treatment: Chlorination (as the water leaves the storage reservoir).
Storage: 2,000, 000 gal.

ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water
(composite) {composite)

Silica (Si0,) ..vvvencivnnnas 14 Hardness as CaCOq:
Iron (Fe) ........ veerernenas .0 Total 342
Manganese (Mn) .......... -- 130
Calcium (Ca) ...... verseene 106
Magnesium (Mg) ......... 19 5
Sodium (Na) .......c.ee.... 107 . 7.5
Potassium (K) ............ 2.8 Specmc conductance
Carbonate (CO;) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 260 25 C.)everrenvrnccrenennnnse 1,110
Sulfate (SO,) ..ovevrvrrnnees 119 Turbidity ........ -
Chloride (Cl) .............. 162 Temperature (F.)... -=
Fluoride (F) ....c.ceuvenn.. .3 || Date of collection ......... May 25,
Nitrate (NOg) ..ccoovuearene 5.0 195"
Dissolved solids ......... 706

ATCHISON

(Population, 12, 792)

Ownership: Atchison City Water Works, Inc. (nonprofit company); also supplies

about 1, 500 people outside the city limits,

14, 300.

Source: Missouri River.

Total population supplied, about

Treatment: Plain sedimentation in two basins of 2, 000, 000 gal capacity, each,
coagulation with lime and alum, sedimentation, break point chlorination, and

rapid sand filtration.

Rated capacity of treatment plant: 6,000,000 gpd.
Raw-water storage: 7,500,000 gal.
Finished-water storage: 1,500,000 gal.

The composition of the raw water varies thraoughout the year.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)

Finished Finished

water water
Silica (Si0) ...vvvevieennee 14 Hardness as CaCOy:
Iron (F€) ..covveeeeeenenenns .01 Total ceveiniennrcrcioncennns 286
Manganese (Mn) .......... . 00 Noncarbonate ............ 94
Calcium (Ca) ....c.euvenene 82
Magnesium (Mg) ......... 20 COlOT wevierrinranseernsnscnsens 2
Sodium (Na) ............... 59 4] ; (S, 8.0
Potassium (K) ............ 5.6 || Specific conductance
Carbonate (COy) .......... 0 {micromhos at
Bicarbonate (HCO,) ..... 234, 25 C. )ecenrennnnnes ceeecanes 9
Sulfate (SO,) ..oeverrenninns 181 Turbidity 0.3
Chloride (C1) ..cccevvuneens 27 Temperature (F.)...coceue 35
Fluoride (F) ...covuennnnns .4 || Date of collection ......... Mar. 23,
Nitrate (NOg) ..cvvevvennees 2.7 1951
Dissolved solids ......... 538
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ATCHISON--Continued
Regular determinations at treatment plant, 1950

Alkalinity Hardness
as CaCQ, pH as CaCO, Turbidity
(bpm) (ppm)
Av | Max| Min{ Av|Max|Min { Av |{ Max| Min| Av | Max| Min
‘Raw water.,....... 160|280 88| '7.9/8.4 | 7.1|210| 360, 120{1500/2000| 10
Finished water...| 150{ 240} 80 7.918.6 | 7.2|220 380} 120{ .1} .2| .05

CHANUTE
(Population, 10,109)

Ownership: Municipal.

Source: Neosho River.

Treatment: Coagulation with alum, softening with lime and soda ash, chlorina-
tion, activated carbon at times, cgpper sulfate at times, sedimentation, re-
carbonation, rapid sand filtration, and postchlorination.

Rated capacity of treatment plant: 2,000,000 gpd.

Raw-water storage: --

Finished-water storage: 900, 000 gal.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Raw Finishedl Raw |Finished

water | water water | water
Silica (SiOy) .......... 7.9 8.1 ||Hardness as CaCOy:
Iron (Fe) .couvrrernnene .02 c92||  Total secessrecraeenee 183 81
Manganese (Mn) ..... - __|l Noncarbonate...... 69 13
Calcium (Ca)...... N 26
Magnesium (Mg)..... 10 3.9 |{COlOr esecees asenons 5 -
Sodium (Na) ..ceeeeene 10 24 PH.ievrnrecnenn cecnsieres 6.7 7.9
Potassium (K) ....... 2.8 2.8 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOg) | 140 83 25 C.)evrerennnnnsens 407 282
Sulfate (SO,) cvveennes| 78 53 Purbidity «.eveeee . -- --
Chloride (Cl)......... 11 11 Temperature (F.)... 75 5
Fluoride (F) .......... 1 .2 ||Date of collection... |May 31, May 31,
Nitrate (NOg) .coceeee.] 2.5 2 4 1951 | 1951
Dissolved solids.....]| 281 182

COFFEYVILLE

(Population, 17,113)

Ownership: Municipal.

Source: Verdigris River.

Treatment: Coagulation with alum, softening with lime and soda ash, activated
carbon at times, sedimentation, recarbonation, coagulation with alum, sec-
ondary sedimentation, rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 4, 000, 000 gpd.

Raw-water storage: --

Finished-water storage: 6,000,000 gal.
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COFFEYVILLE--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Raw  ([Finished Raw Finished

water water water water
Silica (8i0y) ..evenrees 9.0 7.9 ||Hardness as CaCO,:
Iron (Fe) ceeeeeernencen .02 .00]|| Total seseessesesconns 176 82
Manganese (Mn)..... - --|| Noncarbonate...... 32 58
Calcium (Ca) .cvuen. 54 30
Magnesium (Mg)..... 10 1.7 [[Coloreciecssecees seneee 50 5
Sodium (Na) seerecees 28 28 1] ; SN 7.9 9.4
Potassium (K) ....... 2.2 2.1 ||Specific conductance
Carbonate (CQOy) ..... 0 8 (micromhos at
Bicarbonate (HCO,) | 176 13 25 C.)ueereeereerenns 480 327
Sulfate (SO ceeveeeens| 26 39 TPurbidity ....eovceeene -- --
Chloride (C)).. 51 57 Temperature (F.)... 74 57
Fluoride (F) .cceveuee. - .1 ||Date of collection... | May31, May31,
Nitrate (NOg) .eovenee| 2.2 1.4 1951 | 1951
Dissolved solids.....| 297 215

Regular determinations at treatment plant, 1950

Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
(opm) (ppm)
Av | Max| Min| Av{Max|Min | Av | Max| Min| Av | Max| Min
Raw water......... ——) == == - == == =] ==l = =) el -
Finished water.,.|] 58| -~ --[(9.0| --| --|114] --| -- 1] -- --

DODGE CITY
(Population, 11, 262)

Ownership: Municipal.

Source: 6 wells. The yield of the wells is reported to range from 500 to 1, 200
gpm. The water is pumped from the wells directly into the distribution
system.,

Treatment: None,

Storage: 1,000,000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Wells Wells
(city tap) (city tap)

Silica (810;) veevvenrnrennen 29 Hardness as CaCQy:
Iron (Fe) ........ ceeericenes .00 Total ciuereneriincnenranas 248
Manganese (Mn) .......... - Noncarbonate ............ 56
Calcium (Ca) .............. 63
Magnesium (Mg) ......... 22 COlIOT vevereneuraneencnes 5
Sodiura (Na) ...e.cceceveen. 17 PH cevriiiiiiincananee veeees 7.6
Potassium (K) ............ 3.6 || Specific conductanc
Carbonate (CQy) .......... 0 (micromhos at
Bicarhonate (HCQ,) ..... ‘234 25 C.)ecerennerecenceocennes 528
Sulfate (SO,) .ieeeveerennees 54 Turbidity ..c..cceeee veeccncas --
Chloride (C)) .............. 15 Temperatsre (F.)...ceco... -
Fluoride (F) .ccccvvuienennn 1.6 || Date of collection ......... May 23,
Nitrate (NOg) .eeovvvreneens 13 1951
Dissolved solids ......... 368




194 INDUSTRIAL UTILITY OF PUBLIC WATER SUPPLIES IN THE UNITED STATES, 1952

EL DORADO
(Population, 11,037)

Ownership: Municipal,

Source: Satchel Creek impounded in Lake El Dorado, 4.7 miles from the Court-
house in the city. Walnut River, emergency supply.

Treatment: Coagulation with alum and lime, sedimentation, activated carbon at
times, rapid sand filtration, and chlorination. Copper sulfate is used for con-
trol of algae, when necessary.

Rated capacity of treatment plant: 2,500,000 gpd.

Raw-water storage: 1,000,000, 000 gal.

Finished-water storage: 1,000,000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water

Silica (Si0,) .........cen.e. 9.2 |/ Hardness as CaCOy:
Iron (Fe) ...cceevenrerenanne 00 Total ceveurrennreennreennens 121
Manganese (Mn) .......... - Noncarbonate ............ 52
Calcium (Ca) .............. 43
Magnesium (Mg) ......... 3.4 || COLOT wrurreceuerirnnrnnnnnnnns 10
Sodium (Na) ......... 5.0 ||PH........ crecessecasnnetaarans 7.8
Potassium (K) ............ 2.8 Specific conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 85 25 C.)ovrrsnnnrncnansncanns 268
Sulfate (SO,) ...eeveneernren 50 Turbidity .cececccevecnnenenn. --
Chloride (C1) ......ccc..... 7.8 Temperature (F.)...coeeeee -
Fluoride (F) ..eevveueenens .0 || Date of collection ......... May 24,
Nitrate (NOg) ..euuuurrenans 1.4 1951
Dissolved solids ......... 179

EMPORIA

(Population, 15, 669)

Ownership: Municipal,

Source: Neosho River (impounded). Emergency supply, Kaholo Lake.
Treatment: Coagulation with alum and lime, carbon at times, sedimentation,
. rapid sand filtration, and chlorination,

.Rated capacity of treatment plant: 6, 000, 000 gpd.

Raw-water storage: (Not reported.)

Finished-water storage: 3,000,000 gal.
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EMPORIA --Continued

. ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)

Raw |Finished Raw |Finished

water | water water water
Silica (8i0) .. 10° 10 Hardness as CaCOy:
Iron (Fée) ccoreerrecnens 1.8 L01]f  Total sececereerunasns 115 107
Manganese (Mn) ..... - _-Il Noncarbonate...... 6 39
Calcium (Ca) ..eoveene 36 41
Magnesium (Mg)..... 6.2 1.1 ||Colorseeeeecrensancsnnes 100 5
Sodium (N2} ..eccneene 7.3 6.5 |[PH eurennnnee ceresersesne 7.5 10.5
Potassium (K) ..... . 2.9 2.6 ||Specific eonductance
Carbonate (COy) ..... 0 a4y (micromhos at
Bicarbonate (HCO,) | 133 0 25 C.)eeernveccenonas 244 269
Sulfate (SO,) coevrees . 13 45 gurbidityt‘.l.....(.r.‘..).... -- --
Chloride (CI). vee 2.8 . 'emperature (F.)... - -
Fluoride gF))..... - 8‘(1) Date of collection... | May24, May24,
Nitrate (NQy) ......... 3.9 1.7 1951 1951
Dissolved solids.....] 192 168

Regular determinations at treatment plant, 1950

Alkalinity Hardness
as CaCOy pH as CaCO, Turbidity
{ppm) {(ppm)
Av|Max| Min| Av [Max| Min| Av [Max|Min | Av|Max|Min
Raw water......... R U R B T [ - == —
Finished water...| 68| --| --|9.0| --]| --]| 102] -- --l 1 - -

aIncludes the equivalent of 1.0 ppm of hydroxide (OH).

FORT SCOTT
{Population, 10,335)
Ownership: Municipal; also supplies about 275 people outside the city limits.
Total population supplied, about 26,400.
Source: Marmaton River for regular supply; Rock Creek Lake and Elm Creek
Lake for auxiliary supply.
Treatment: Coagulation with alum, softening with lime, activated carbon, sedi-
mentation, rapid sand filtration, and chlorination.
Rated capacity of treatment plant: 3,000,000 gpd.
Raw-water storage: Rock Creek Lake and Elm Creek Lake.
Finished-water storage: 1,300,000 gal.
ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water
Silica (8i0,) ....ccecvenns 7.1 || Hardness as CaCQy:
Iron (Fe) ...ccccvvennnnnene -- Total cvereniiriiiinnnnees 164
Manganese (Mn) .......... .00 Noncarbonate ............ 79
Calcium (Ca) 59
Magnesium (Mg) ......... 4.1 || COLOT wevrrrurnrarnrnnnicninenes 4
Sodium (Na) ...ceceeveennns 8.4 [|PH coriiniiriiiiiiininiiiinannnes 7.7
Potassium (K) ............ 2.4 || Specific conductance
Carbonate (CO,) .......... 0 (micromhos at .
Bicarbonate (HCQy) ..... 104 25 C.)evrrenereencnncncnnens 358
Sulfate (SO,) ...eoccecannnn 67 Turbidity ...ccoceicevennnnens 20
Chloride (Cl) .. 11, Temperature (F.).....c.... _—
Fluoride (F) ..vceeenennnnnn .1 || Date of collection ......... June 27,
Nitrate (NOg) vvovvunianeee. 1.7 1951
Dissolved solids ......... 236
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FORT SCOTT--Continued
Regular determinations at treatment plant, 1950

Alkalinity Hardness
as CaCo, pH as CaCo, Turbidity
(ppm) (ppm)
Av|Max| Min| Av {Max| Min| Av|Max|Min | Av|Max|Min
Raw water......... 185[250 54(7.6 [ 8.1 7.4/ 200 | 266| 66 {200 [4000]| 14
Finished water...] 95|156 44(7.8 [ 8,3 7.6/ 130 | 200 84| --| --| -~
GARDEN CITY

(Population, 10, 905)

Ownership: Municipal. .

Source: 4 wells each approximately 275 ft deep. The water from the wells is
pumped directly into the distribution system.

Treatment: None.

Storage: 500, 000 gal.

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Wells | Gillespie | Boncraft {Second St.|Taylor St.
composite] Well Wel Well Well

Silica (810p) covvereermness . 20 - - - -
Iron (Fe) ........ .00 — - - ——
Manganese (Mn) .......... _— - - - -
Calcium (Ca) ......... 58 _— - _— -
Magnesium (Mg)..... 19 - - - -
Sodium (Na) ........ 44 - - - -
Potassium (K) ......... 3.5 - - - -
Carbonate (CQy) ...... 0 - - - -
Bicarbonate (HCOQy)...... | 200 214 204 158 203
Sulfate (SO,) ..ceveeeveseees | 131 - - - -
Chloride (Cl) .cccvvenreenn 16 15 13 12 10
Fluoride (F) ce.e.... versene 7 - - - -
Nitrate (NOy) «.ovverensneen 6.8 - - - -
Dissolved solids ......... 424 304 359 266 332
Hardness as CaCO,:

Total..... cerensensetennsas 222 220 214 180 200

Noncarbonate «-seveeenee 58 - - - -
Color ..ucvvnennrernnnens 5 - - - -
¢35 S ceresennecacas 7.6 -- -- - -
Specific conductance.

{(micromhos at 25 C.) 612 597 555 443 501
Turbidity ..eeveeveeneennnes - - - - -
Temperature (F,)........ -- -- -- - -
Date of collection ........ May 22, May 22, | May 22, May 22,| May 22,

1951 1951 1951 1951 1951
GREAT BEND

(Population, 12,665)

Ownership: Western Light and Telephone Co., Inc.
Source: 4 wells (1 to 4), 75, 117, 68, and 99 ft deep.
Treatment: Chlorination.

Finished-water storage: None.

Water from the wells is pumped directly into the distribution system.
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GREAT BEND--Continued

ANALYSES
{Analyses, in parts per million, by U. S. Geological Survey)
Finished
water Well 2 Well 3 Well 4
(composite)

SITICA (S10,) vreerererrnererrnees 18 - - -
Iron (F€)eeieerrarecnnnnnes .0 — - _—
Manganese (Mn) ....ccoceenvnniene - _— - -
Calcium (Ca) .ccuvvenne 92 -— - -
Magnesium (Mg) ..ccovceencenene 18 - - -
Sodium (Na)...cceereeneenne cerenes 107 - - -
Potassium (K) ......... ee 3.6 - -- -
Carbonate (CO,) ....... vernereone 0 - - -
Bicarbonate (HCO,)....... 202 212 204 204
Sulfate (SO,) «+++e 156 _— - -
Chloride (C1)..ceevvrerrrranecnes 135 170 145 140
Fluoride (F) ...ccceenveenn eerenes .6 - _— -
Nitrate (NOg) .vevreerencesioneenes 3.0 - - -
Dissolved solidS cceevescececees 678 688 660 713
Hardness as CaCO,:

Total ceeveeinvesanccrscencenscnne 304 292 306 296

Noncarbonate ........... 138 118 139 129
Color........ seersasecen sastarans 0 - - -
4]+ SN veessssssrsanen 7.6 -- ~= --
Specific conductance

(micromhos at 25 C.) ...... 1,040 1,080 1,030 1,030
TUrDIGItY covveeeareererereenereen -- -- -- .-
Temperature (F.) ...cccecenene -- -- - -
Date of collection...............] May 23, May 23, May 23, May 23,

1951 1951 1951 1951

Depth (feet) ..cveverirreieniirnieiririenrieeneennens 117 68 99
Diameter (inches) . 18 18 19
Date drilled .................. . 1937 1937 1946
Percent of supply - . -

HUTCHINSON
(Population, 33, 575)

Ownership: Glenn Dunn Co., Wichita, Kans,

Source: 8 wells (Adams Street, Main Street, Northwest, Northeast, Cleveland,
Lorraine, North, and East), 65, 75, 60, 58, 80, 50, 65, and 59 ft deep, res-
pectively; each 24 in, in diameter.

Treatment: Chlorination.

Finished-water storage: None.

Water from the wells is pumped directly into the distribution system. Partial
analysis of a sample from each well indicates a range in dissolved solids from
479 to 1,070 ppm and hardness from 232 to 366 ppm.
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HUTCHINSON--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
F:;‘;ts;‘fd Northeast Adams Street
(composite) well well

Silica (Si0) ........ erenneens ceerenee 16 -- --
Iron (Fe) cecverereencennens corevence i .0 -- -~
Manganese (MN) ...cceeeeeececncncene - .- --
Calcium (Ca) cessrescerrcscesacacansoe 110 - -
Magnesium (Mg)...cceceraerecnncees .19 -- --
Sodium (Na).c.eeeerieereerenncececnees 144 - -
Potassium (K) ..ccoreeceveeccncannens 3.4 -- --
Carbonate (COg) ...cecrunenneaees 0 -- -~
Bicarbonate (HCOg)...ccoarerraneene 255 230 270
Sulfate (80.)......... sesrantersesnernas 125 -- --
Chloride (C1) ..cccvesecececenresnennes 230 125 385
Fluoride (F)........ seressaresnces .5 -- --
Nitrate (NOg) ..cccveveranees cevreraoes 11 = --
Dissolved s0lidS ..eeuvennee ceresanes 853 479 1,070
Hardness as CaCO,:

Total ccccevevnnnae ceesersaarssneaces 352 232 364

Noncarbonate ..c.eeeeeese 144 44 143
COlOr .ecvrvcenees seeevernoranee 0 -- --
%) U eeverrnnnn 7.3 -- --
Specific conductance

(micromhos at 256 C.)..c.ooeeene 1,340 854 1,810
Turbidity cooeecennersses connes cansenns - -- --
Temperature (F.) cccorceces cenvaces - - -
Date of collection «eeeveveerenn.e....] May 23, 1951 [ May 23, 1951 May 23, 1951

INDEPENDENCE

(Population, 11, 335)

Ownership: Municipal.

Source: Verdigris River (impounded).

Treatment: Softening with excess lime, coagulation with alum, activated carbon
at times, sedimentation, rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 5,000,000 gpd.

Raw-water storage: (Not reported.)

Finished-water storage: 2,000,000 gal.

ANALYSES
(Analyses, in parts per million, by U. 8. Geological Survey)

Raw [Finished Raw Finished

water | water water water
Silica (8iOy) ........ - 9.4 7.0 ||Hardness as CaCOy:
Iron (Fe) «ccuveeenes - .12 _00l|  Total seseerceernenees 186 143
Manganese (Mn)..... - _-{| Noncarbonate...... 29 82
Calcium (Ca) .........| 58 42
Magnesium (Mg),,, 10 9.2 [[COlorceasseesesarececes 100 0
Sodium (Na) ...cceceee| 929 29 ) SN 7.9 7.5
Potassium (K) ..... - 2.5 2.6 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOy) | 191 74 25 C.)ursrecerencnees 501 432
Sulfate (SO) ceevveeees| 97 69 Purbidity ...cccoeeeeee . -- --
Chloride (CI) cecraees 52 49 Temperature (F. )... -- - 80
Fluoride (F)......... .2 .1 ||Date of collection... | May 31,| May 31,
Nitrate (NOg) ......... 1.8 1.4 1951 1951
Dissolved solids..... 322 281
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JUNCTION CITY
(Population, 13,462)

Ownership: Municipal; also supplies about 500 people outside the city limits,
Total population supplied, about 14, 000.

Source: 6 wells (2 to 7), 66, 59, 73, 67, 71, and 70 ft deep. The yield of well 2
is reported to be 950 gpm, and of remaining wells, each 1,000 gpm.

Treatment: Aeration, softening with lime and soda ash, coagulation with alum,
sedimentation, rapid sand filtration, recarbonation, and chlorination.

Rated capacity of treatment plant: 3, 000, 000 gpd.

Raw-water storage: None,

Finished-water storage: 2,200,000 gal.

Water from several wells is mixed before entering treatment plant.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw |Finished] -Raw |Finished
water 2 | waterb water 2 | waterb

Silica (8i0p) ..veeveeee| 23 20 Hardness as CaCO,:
Iron (Fe) ....... o1 c01)| Total seeerreerrennens 284 122
Manganese (Mn)..... .00 .00|l Noncarbonate...... 42 57
Calcium (Ca).........;] gg a7
Magnesium (Mg)..... 16 13 COlOr seecerusnneseresers 3 2
Sodium (N3) ...cceeeues 28 26 PH.cverinrncersecrncnnne 7.5 8.1
Potassium (K) ....... 7.3 7.4 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) | 295 79 25 C.)ueeresnnerennes 658 392
Sulfate (S8O,) ...e.eeees| 55 50 Purbidity ...cooevecenee 1.0 0
Chloride (C]) .........| 39 33 Temperature (F.)... 58 59
Fluoride (F) .vceenseae 4 .3 ||Date of collection... |Mar. 20,|Mar. 20,
Nitrate (NO) ...oeees| 15 26 1951 | 1851
Dissolved solids.....| 424 254

2 Composite of all wells.
b Three wells.

KANSAS CITY
(Population, 129,553)

Ownership: Municipal; also supplies about 35, 000 people outside the city limits.
Total population supplied, about 164, 600.

Source: Missouri River. The raw water is obtained by means of either or both
of two intake structures and equipment. It is first pumped to the electric
power station where it is used for condensing purposes. When it leaves the
condenser a sufficient amount is pumped to the settling basins at the water
plant for the city supply. The remainder is wasted back into the river.

Treatment: Coagulation with alum, lime, silica, activated carbon, sedimentation,
rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 31, 750, 000 gpd.

Raw-water storage: None.

Finished-water storage: Reservoirs, 17,000, 000 gal; elevated storage, 1,800,000
gal.
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KANSAS CITY--Continued

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water
Silica (Si0,) ..evvvvennenns 15 Hardness as CaCO,:
Iron (Fe) .iceviveevneenennns .01 Total vvveeeievnnrenencennnes 276
Manganese (Mn) .......... .00 Noncarbonate ............ 82
Calcium (Ca) .cccevruennnnn 75
Magnesium (Mg) ......... 22 Color ..cceeeuee resreciesnetcens 3
Sodium (Na) ...cceveeennnn. 59 ¢ 3 S vesrersesesarsens 7.9
Potassium (K) ............ 5.6 | Specific conductance
Carbonate (CQ) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 237 © 25 C.)eveernnrennniennnnenns 770
Sulfate (SO, ..oeveevennnenn 172 Turbidity ..eccoeceecececcnees 0.3
Chloride (Cl) 29 Temperature (F.)..cccueu.. 46
Fluoride (F) .4 || Date of collection ......... Mar. 23,
Nitrate (NO,) 2.8 1951
Dissolved solids ......... 520
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCoQ, pH as CaCO, Turbidity
{(ppm) | (ppm)
Av|Max| Min{ Av (Max| Min| Av [Max Min| Av|Max|Min
Raw water......... 153 | 253(102 | 8.2 (8.6 | 7.9 |220 | 368 | 136 |1870/9830 26
Finished water...| 152 | 252| 99 |7.9(8.4 | 7.4 {235 |360| 158 | <1| <1| <1

LAWRENCE
(Population, 23, 351)

Ownership: Municipal; supplies also the University of Kansas and about 3, 000
people outside the city limits. Total population supplied, about 31, 300.
Source: Kansas River (60-75 percent of suppiy); 3 wells (1 to 3), 50, 50, and 51
ft deep (25-40 percent of supply). The yield of the wells is reported to be

450, 450, and 400 gpm.

Treatment: Prechlorination, softening with lime and soda ash, coagulation with
alum, copperas (part time only), chlorine dioxide when needed, carbon, re-
carbonation, addition of Calgon, sedimentation, rapid sand filtration, and
ammoniation.

Rated capacity of treatment plant: 6, 000, 000 gpd.

Raw-water storage: 1,900,000 gal.

Finished-water storage: 1,373,000 gal.
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LAWRENCE--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw Fmishedi Raw [Finished

watera | water water2 | water
Silica (8i0y) ...eeveee| 24 18 Hardness as CaCO,:
Iron (F€) ceecenennn .02 .01 Total weesesceseseece 368 109
Manganese (Mn)..... .00 .00|l Noncarbonate...... 54 52
Calcium (Ca) .... 118 32
Magnesium (Mg).....| 18 7.1 |[COLOF sesecersccrranseres 5 2
Sodium (Na) vcoveeeees| 53 55  |[|PH .eeeerennee 7.5 9.0
Potassium (K) ....... 6.8 6.5 |lSpecific conductance
Carbonate (COy) ..... 0 17 (micromhos at
Bicarbonate (HCOy) | 384 34 25 C.)uerreressvosene 890 506
Sulfate (SO ...sc..... 82 80 Turbidity .ccocerevseeee 95 0.3
Chloride (C) .........| 64 70 Temperature (F. )... 46 47
Fluoride (F) .ceeuue... .2 .2 ||Date of collection... |Mar. 21, |Mar. 21,
Nitrate (NO) ......... 4.4 2.0 1951 1951
Dissolved solids.....] 568 324

Regular determinations at treatment plant, 1950

Alkalinity Hardness
as CaCoO, pPH as CaCQ, Turbidity
(ppm (ppm)
Av| Max{Min| Av |Max(Min| Av | Max|Min | Av {Max [Min -
Raw water........| 220 (350 | 100{ 7.918.3 | 7.2 | 275| 450| 120 {1800 {15000 20
Finished water..| 50| 80 36/ 9.1/9.6 8.7 112| 152] 84| <1]| <1 <1

a4 Kansas River 75 percent, wells 25 percent.

LEAVENWORTH
(Population, 20,579)

Ownership: Municipal; also supplies about 600 people outside the city limits.
Total population supplied, about 21, 200.

Source: Missouri River.

Treatment: Plain sedimentation, softening with lime and soda ash, sedimentation,
rapid sand filtration, recarbonation, and chlorination.

ted capacity of treatment plant: 5, 000, 000 gpd.
Raw-water storage: 15,000,000 gal.
Finished-water storage: 5,000,000 gal.

The composition of the raw water varies throughout the year.
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LEAVENWORTH- -Continued

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water
Silica (8i0,) ...evuvvrrnnnns 13 Hardness as CaCOy:
Iron (Fe) ..cccvivueennennn.. .05 Total coivueeririciiancannnns 130
Manganese (Mn) .......... .00 Noncarbonate ............ 56
Calcium (Ca) .............. 27
Magnesium (Mg) ......... 15 (0103 1) S creeessnanes 2
Sodium (Na) ......ceeeenee. 55 PH cocirniiniinnns RN 8.9
Potassium (K) ............ 5.3 || Specific conductance
Carbonate (CO) .......... 14 {micromhos at
Bicarbonate (HCOy) ..... 62 25 C.)eeverecrarernenennenns 523
Sulfate (SO,) ....ceeenrnne 140 Turbidity ....cocovevecenennes 0.5
Chloride (CL) .c.cvvvveennnes 24 Temperature (F.)...ceeeu.. 74
Fluoride (F) .ccevvvernenenn .4 || Date of collection ......... Mar. 23,
Nitrate (NOg) ...ovvvvenenes 2.9 1951
Dissolved solids ......... 346
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCo, pH as CaCO, Turbidity
(ppm (ppm)
Av| Max{Min| Av |Max|{Min| Av | Max|Min | Av |Max| Min
Raw water......... -=| -~ -] = =] -] =] =] -- -] -- -
Finished water..| 60| 112 42| 8.2] 9.6| 7.2| 110| 118|100 | <1 |=1| =1

McPHERSON
(Population, 8,689)
Ownership: Municipal.
Source: 4 wells (2 to 5) 160, 158, 146, and 161 ft deep, all within the city limits.
Treatment: None.
Storage: 750, 000.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)

Wells Wells

(city tap) (city tap)
Silica (S10,) ceeveerrrennnes 36 Hardness as CaCQy:
Iron (Fe) .c.ocovvvnennnnnnn. .0 Total ceeveiiiininnnnininnn. 359
Manganese (Mn) .......... -- Noncarbonate ............ 86
Calcium (Ca) ....cevvnvenee 124
Magnesium (Mg) ......... 12 COLOT cvnvenierenrarseisrsconses 0
Sodium (Na) ...c..eeeenene. 32 PH teereeinerrininsinrsieciasans 7.4
Potassium (K) ............ 2.7 || Specific conductance
Carbonate (CQy) .......... 0 {micromhos at
Bicarbonate (HCO,) ..... 333 25 C.)ovrrrnrreniennenrnnns 820
Sulfate (SO,) .coveveeennnns 23 Turbidity .....cocoveveennnnns -
Chloride (Cl) ...cevvvnnenne 83 Temperature (F.)...cceeues -
Fluoride (F) +.eeeveennnnens .0 || Date of collection ......... May 23,
Nitrate (NOg) .eeveverinnren 11 1951

- Dissolved solids ......... a488

2Sum of determined constituents.
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MANHATTAN
(Population, 19,056)

Ownership: Municipal; also supplies about 2,000 people outside the city limits.
Total population supplied, about 21, 100.

Source: 5 wells (5 to 9), 68, 68, 63, 64, and 68 ft deep. The yield of the wells is
reported to be 1,600, 1,200, 1,500, 800, and 1,700 gpm.

Treatment: Softening with lime and soda ash, and rapid sand filtration.

Rated capacity of treatment plant: 4,500,000 gpd.

Raw-water storage: None.

Finished-water storage: 2,600,000 gal in reservoir and elevated tank.

A different well is pumped every half hour. Determinations made at the treatment
plant show little or no difference in the chemical composition of water from
each of the wells,

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw kFinished Raw [Finished
water 2 | water 2 water 2 | water a
Silica (SiOp) «coeeeenes| 31 17 Hardness as CaCO,:
Iron (F€) veveerruenanne 6.9 01| Total sessecueeccenens 370 54
Manganese (Mn) ..... 1.4 .00|| Noncarbonate...... 20 12
Calcium (Ca) ....eeee. 113 14
Magnesium (Mg)..... 21 4.6 ||COlOreeesicccrinirenaans ) 2
Sodium (Na) «eeeeenes 29 33 ) ; (N 7.3 8.3
Potassium (K) ....... 5.1 5.5 |[Specific conductance
Carbonate (CO,) ..... 0 0 (micromhos at
Bicarbonate (HCOy | 428 51 25 C.).euue 755 296
Sulfate (SO,) .eceeeveee 52 55 Turbidity coeeeeencnens 0.9 0.2
Chloride (Cl)......... 18 25 Temperature (F.)... 56| 56
Fluoride (F) .......... .4 .1 ||Date of collection... [Mar. 20, |Mar. 20,
Nitrate (NO,) ......... ‘9 14 1951 1951
Dissolved solids.....| 488 196
Depth (feet) ....... ererucetiecusatrtasteitrrianossssanartes 63-68
Diameter (inches) «.cocvervrecaininiiiiiiainnens . . 18-26
Date drilled .ceeeeveerevsinninecniiinnieniiiceaenes 1929-45
Percent of SUPPLY eveverrrecneiiieitentiieiiiciciestnicsionsonsncncornne 100
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
(ppm) (ppm)
Av | Max| Min{ Av|Max|Min | Av | Max| Min| Av | Max| Min
Raw water......... 424 | 430 400{6.9 | 7.5|5.3 {450 | 463 | 425 | 100 | 120 90
Finished water...] 45| 48| 38{9.5(10.6{8.6 | 75| 85| 65 |=<1]|<<1| <1

aComposite.
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NEWTON
(Population, 11, 590)

Ownership: Municipal.

Source: 7 wells in use; four additional wells drilled butnot in use at this time.
The wells are located 7 to 10 miles from the city.

Treatment; Chlorination,

Rated capacity of treatment plant: 4, 000,000 gpd.

Raw-water storage: --

Finished-water storage: 4,200,000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water

(composite) (composite)
Silica (Si0,) ..ovvvrenreanee 26 Hardness as CaCOy:
Iron (Fe) .ccoveviernvnennnn. .00 Total ceveenvinininennnnnnes 167
Manganese (Mn) .......... -- Noncarbonate ............ 0
Calcium (Ca) .............. 53
Magnesium (Mg) ......... 8.4 || COlOT sevuvernrninirneenanennes 0
Sodium (Na) ........... 27 PH ciriiiiiniiiciicenincnnnnaae 7.0
Potassium (K) ............ 1.4 || Specific condnctance
Carbonate (CQ;) .......... 0 (micromhos at
Bicarbonate (HCOy) ..... 211 25 C.)evereanserernonsorens 416
Sulfate (SO,) ..oevvvrenenenn 28 Turbidity ....ccccoeceecenceens --
Chloride (Cl) .............. 8.8 || Temperature (F.}.......... -
Fluoride (F) ..ceveeveee.... .0 || Date of collection ......... May 24,
Nitrate (NOy) ...ovveeeenna. 7.7 1951
Dissolved solids ......... . 264

OTTAWA

(Population, 10, 081)

Ownership: Municipal; also supplies about 800 people outside the city limits.
Total population supplied, about 10, 900.

Source: Osage River (impounded).

Treatment: Coagulation with alum, softening with lime and soda ash, activated
carbon, alum, sedimentation, rapid sand filtration, fluoridation (sodium fluo-
ride), ammoniation, and chlorination.

Rated capacity of treatment plant: 2,500,000 gpd.

Raw-water storage: Reservoirs, capacity unknown.

Finished-water storage: 1,250,000 gal.

ANALYSES
(Analyses, in parts per million, by U. 8. Geological Survey)

Raw |Finished Raw |Finished

water water water water
Silica (8i0y) ..eeeerees 7.4 5.8 ||Hardness as CaCOj;:
Iron (Fe) coeveevnrnenes .91 .01 Total w.c... cereserene 307 126
Manganese (Mn) ..... .00 “00|| Noncarbonate...... 78 82
Calcium (Ca) ..ceeeees| 93 32
Magnesium (Mg)..... 18 11 COIOT ereveresernsacesaes 8 4
Sodium (Na) ..ceeeeee 22 25 ) : RO 7.9 7.4
Potassium (K) ....... 2.4 2.8 Speciﬁc conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCO,) | 280 54 25 C.)euenconeone 637 383
Sulfate (SO,) ...eeeuee| 110 117 Turbidity ceeeeueronenes 15 2.0
Chloride (C)) ......... 11 13 Temperature (F ).. 43 43
Fluoride (F)....... .1 .1 ||Date of collection... |Mar.22, Mar. 22,
Nitrate (NOg) ....... o LT 2.2 1951 | 1951
Dissolved solids.....| 440 259
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OTTAWA--Continued
Regular determinations at treatment plant, 1950

Alkalinity Hardness
as CaCQ, pH as CaCO, Turbidity
(ppm) (ppm)
Av| Max|Min| Av [Max|{Min| Av | Max{Min | Av |Max| Min
Raw water........| 275 | 350| 60| 7.5(8.0 | 7.0{ 320[ 395 80| 50 | (a){ 25
Finished water..| 55| 110| 32| 8.3|8.7 | 7.5| 100/ 110 90| <1 | <1]<1

(2) 10, 000.

PARSONS
(Population, 14, 750)

Ownership: Municipal.

Source: La Bette Creek. Auxiliary supply, Neosho River.

Treatment: Coagulation with alum and lime, sedimentation, rapid sand filtration,
and chlorination. Copper sulfate is used for the control of algae when neces-
sary.

Rated capacity of treatment plant: 5,180,000 gpd.

Raw-water storage: 10,000,000 gal.

Finished-water storage: 510,000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
La Bette Cr. La Bette Cr.
(finished (finished
water) water)
Silica (8i0,) .......... 4,9 || Hardness as CaCQy:
Iron (Fe) ........ ceereriaens .00 Total covceeiniireniinnnennns 131
Manganese (Mn) .......... -- Noncarbonate ............ 66
Calcium (CQ) ...ccevvuennns 43
Magnesium (Mg) ......... 5.8 [| COLOr cevierirrinscancnionanane 25
Sodium (Na) ......c...eee ve 10 PH ceeeieiirnciieinessesonncnss 7.2
Potassium (K) ............ 2.4 |l Specific conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 79 25 C.)eue. ereectientaniones 329
Sulfate (SO,) ........ PR 82 Turbidity ....cococcvenncenae --
Chloride (Cl) ....... veeanes 7.2 || Temperature (F.)..cceueunt 79
Fluoride (F) cecevvveernnnn. .0 | Date of collection ......... May 31,
Nitrate (NOg) -eeeverrrnee. 1.1 1951
Dissolved solids ......... 224
PITTSBURG

(Population, 19, 341)

Ownership: Municipal.

Source: 3 wells (1 to 3), about 1,400 ft deep. .

Treatment: Softening with excess lime, coagulation with alum, sedimentation, re-
carbonation, and rapid sand filtration.

Rated capacity of treatment plant: 3,630,000 gpd.

Raw-water storage: None.

Finished-water storage: 2,700,000 gal.



206 INDUSTRIAL UTILITY OF PUBLIC WATER SUPPLIES IN THE UNITED STATES, 1952

PITTSBURG--Continued

ANALYSES
(Analyses, in parts per million, by U. 8. Geological Survey)

Well 1 Well 2 Well 3 Finished

(raw (raw (raw water

water) water) water) (composite)
Silica (8i0,) coeurevrerruereenes . 10 9.7 8.9 4.7
Iron (Fe)...... ceceesnses .02 .12 .25 .02
Manganese (Mn) .....ccceeurunnene - - - -—
Calcium (Ca)........ 66 68 67 11
Magnesium (Mg) ..... 31 33 34 14
Sodium (Na)....... cevereane 86 82 91 87
Potassium (K) .eceeevevencnnnns . 5.4 5.1 6.2 5.4
Carbonate (COy) ....... ceeees 0o ° 0 0 --
Bicarbonate (HCOy)...... 333 334 355 268
Sulfate (SO,) «e+eerevcesssrcnusnee 72 82 90 87
Chloride (Cl).......... «]° 100 86 82 98
Fluoride (F) . . .5 .5 i .3
Nitrate (NOg) ...c..vuees .1 .9 .8 T
Dissolved solidS ....ccevvrunveas 535 531 556 342
Hardness as CaCO,:

Total ......... vesssssccacne sessse 292 305 307 85
Noncarbonate . [P 19 32 16 30
Color..ccueenaen vaseennn secacens 5 5 10 5
PH...oovvvneee 7.5 7.4 7.3 8.6

Specific conductance
(micromhos at 25 C.) ...... 929 929 933 615
Turbidity ... creesnsritansecaes -- -- == --
Temperature (F ) .. . 70 -- 68 85
Date of couectlon.. seereessenss] Nov. 29, | . Nov. 29, Nov. 29, Nov. 29,
1951 1951 1951 1951
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCoO, pH as CaCO, Turbidity
(ppm (ppm)
Av| MaxiMin| Av |Max|Min| Av | Max|Min | Av [ Max| Min
Raw water......... 272 | -- el - -] --] 297 - == - -- --
Finished water..| 60 | -- [ --| --[ --] =--| 85] -={ --| --{ --| --

2 Includes the equivalent of less than 5 ppm of carbonate (CO,).

SALINA
(Population, 26, 176)

swnership: Municipal,

Source: 10 wells (N-1, N-2, N-3, and 4 to 10), 62, 69, 86, 77, 62, 78, 70, 71,
64, and 75 ft deep. The yield of the wells is reported to be 1, 040 900 800,
1, 090 1,040, 1,120, 1,090, 1,020, 900, and 1,200 gpm.

Treatment: Chlorination.

Rated capacity of treatment plant: 11,000,000 gpd.

Raw-water storage: None,

Finished-water storage: 2,671,000 gal.
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SALINA--Continued
ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
Finished Finished
water water
(composite) (composite)
Silica (810,) .eeurerernense 24 Hardness as CaCQq:
Iron (Fe) .cccvevevinnnnnnnns .08 Total ..evevneiniiecnnnnns 552
Manganese (Mn) .......... .44 Noncarbonate ............ 184
Calcium (Ca) ......eu.uees. 176
Magnesium (Mg) ......... 27 [876) U S 3
Sodium (Na) ............... 47 5] ¢ TN 7.3
Potassium (K) ............ 8.5 || Specific conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 450 25 C.)evvecncercnnrarnennnne 1,150
Sulfate (SO,) .eaeeececanenn. 188 Turbidity ......cccoovvninenen 0.6
Chloride (Cl1) ....covuenuene 68 Temperature (F.)...... 58
Fluoride (F) ...ccccvvvnennnn .2 || Date of collection ......... Mar. 20,
Nitrate (NOg) .oevvenennneee 1.8 1951
Dissolved solids ......... 800
Depth (feet) ceveverrineiiiiiiiiiiiiiiiiriiiiiesncietsesrnicsesissiresnonssesasaes 62-86
Diameter (inChes) ...icccveerviireeenrreeciecererseroscnscnns eretecrearerarsnnrene 24
Date drilled .....ocviieiiiiiiiiiieneiseeceiereneerenns veenes eestscateenesnatasians 1924-49
Percent of SUPPLY .eviiiiiiiiiiiiiiiiiiieiiiiereentineanreronsranarocansasssnns 100
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCOQ, pH as CaCO, Turbidity
(ppm) ppm)
Av|Max| Min| Av |Max] Min| Av|Max|Min | Av|Max|Min
Raw water......... o B okl R R BT -1 -=] - --
Finished water...| 368 414 | 334 | 7.0|7.2 | 6.9(548 | 734 | 442 1 1 1
TOPEKA

{Population, 78, 791)

Ownership: Municipal; also supplies about 14, 200 people outside the city limits
and 1, 000 at Forbes Air Base., Total population supplied, about 94, 000,
Source: Kansas River, 90 percent of supply; 3 wells, 37, 50, and 50 ft deep, 10
percent of supply. Water from the river and wells is mixed before entering

the sedimentation basin.

Treatment: Plain sedimentation, softening with excess lime and soda ash, coagu-
lation with alum, sedimentation, recarbonation, chlorination, rapid sand fil-
tration, and postchlorination.

Rated capacity of treatment plant: 12,000, 000 gpd (to be increased to 16, 000, 000
gpd).

Raw-water storage: None.

Finished-water storage: Reservoirs and elevated storage, 13, 000, 000 gal.
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TOPEKA--Continued

ANALYSES
(Analyses, in parts per million, by U. ‘S. Geological Survey)
Raw  |Finished Raw Finished
water water water water
Silica (Si0p) ..eeeeres 20 14 Hardness as CaCOy:
Iron (Fe) civverrcrcenes .02 .01l  Total seeeercscscences 317 100
Manganese (Mn)..... . 00 .00|| Noncarbonate...... 78, 56
Calcium (Ca)...ceuees 95 29
Magnesium (Mg)..... 19 6.7 ||COlOTseseaserancsnnsnnes 7 3
Sodium (Na) ........ . 1 83 PH........ ceressrsensane 7.9 8.3
Potassium (K) ....... 7.9 7.6 ||Specific conductance
Carbonate (COy) ..... 0 5 {micromhos at
Bicarbonate (HCOy) | 292 43 25 C.)ueiernnnnacens 906 638
Sulfate (SO,) +eoveeesee 113 112 Purbidity .cecevsevnnee 230 0.8
Chloride (C1) .cceen.ee 88 93 Temperature (F. )... 37 41
Fluoride (F) .......... .3 .2 ||Date of collection... |Mar. 21, Mar. 21,
Nitrate (NOy) ......... 4.9 3.6 1951 1951
Dissolved solids.....] 572 390
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCo, pH as CaCO, Turbidity
(ppm) (ppm)
Av|Max| Min| Av |Max{ Min| Av |[Max|Min | Av|Max|Min
Raw water......... 204 | 327| 77({8.3[8.7/8.0]253(418| 90 |1754|9040| 100
Finished water...,| 50| 95| 32(9.4[10.1]8.9| 98| 143| 68| 0| 0| 0
WICHITA

(Population, 168,279)

Ownership: The city owns the production facilities; The Wichita Water Co. (a sub-
sidiary of the American Water Works Co., Inc.) owns the pumping station and
water-distribution system.

Source: 35 wells (1 to 35) ranging in depth from 90 to 265 ft, with average of about
200 ft, located in the Equus Beds west and south of the city of Halstead 30 to
35 miles from Wichita, for regular supply. Seven local wells (1 to 7) near the
treatment plant are used in case of an emergency. Two wells (16 and 17) be-
longing to the Wichita Water Co. are so connected to the system that the water

fromthem can be treated at the treatment plant.

Shallow wells of the Wichita

Water Co. located in the vicinity of the treatment plant and which have a total
capacity of 20, 000, 000 gpd are available but are never used except in case of

emergency.

Treatment: Aeration, softening with lime, chlorination, ammoniation, sedimenta-
tion, rapid sand filtration, postchlorination, and polyphosphate (Calgon) for

stabilization.

Rated capacity of treatment plant: 48,000, 000 gpd.

Raw-water storage:

None.

Finished-water storage: Clear wells, 1,000,000 gal; 2 reservoirs, 3,000, 000 gal
each, Wichita Water Co., 1 reservoir, 3,800,000 gal; 2 elevated tanks,
1,000, 000 and 300,000 gal.
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WICHITA --Continued

The regular supply wells are spaced at least half a mile apart in the well field and
have an average yield of about 1,000 gopm. The wells, equipped with turbine
pumps, pump into spur lines connected to the 48-in. supply line which conveys
the water to the treatment plant located in the city. The control, the operation
of which is manual, of the wells is centered at the treatment plant, so that in-
dividual wells may be cut in or out of the pumpage as desired. There is con-
siderable variation in the chemical composition of the water from the individ-

209

ual wells, The hardness ranges from about 115 to 250 ppm.
ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw |Finished Raw |Finished

water @ | watera ) water 2 | water@
Silica (Si0y) cevervnes 21 20 Hardness as CaCOj:
Iron (Fe) cesessessesane 1.6 .00 Total sasssnsassvssees 200 86
Manganese (Mn) ..... -- - Noncarbonate...... 0 0
Calcium (Ca) ccoveees. 62 19
Magnesium (Mg)..... 11 9.4 || COlOrcscseesessccnnrence 0 5.
Sodium (Na) .ceeeenene 56 56 pH....... ceecessasessenes 7.3 9.1
Potassium (K) ....... 2.1 1.9 |[|Specific conductance
Carbonate (COy) ..... 0 13 (micromhos at
Bicarbonate (HCOy) | 255 84 25 C.)ueene 595 418
Sulfate (8Q,) ........ . 54 54 Turbidity ..ccoeeeeuseee - -
Chloride (C))......... 36 43 Temperature (F.)... - -
Fluoride (F) cscvvenee. .3 .5 ||Date of collection... | May 24, | May 24,
Nitrate (NOy) 1.8 1.9 1951 -1951
Dissolved solids.....| 370 260

Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCo, pH as CaCO, Turbidity
(ppm (ppm)
Av| Max|{Min| Av |Max{Min| Av | Max|Min | Av {Max| Min
Raw waterb....... 213 --| --|7.0 --| -- {186 -~ - -1 -1 --
Finished waterC. 136 -- | --{8.0 | --| --[ 106 e of --| ==
a Composite. b January. ¢ June.
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WINFIELD
(Population, 10,264)

Ownership: Municipal.

Source: 5 wells: East well 1 and West well 1, each 38 it deep; 3 wells (2, 3, and
4) which are double wells (holes side by side) each pair being pumped simulta-
neously by one pump, 38, 38, and 48 ft deep. The wells are about 5 miles west
of the city and are spaced about 3,000 ft apart.

Treatment: Addition of lime and polyphosphate (Calgon) and chlorination.

Rated capacity of treatment plant: 3, 888,000 gpd.

Raw-water storage: None.

Finished-water storage: 3,000, 00 gal.

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey) .

] Finished
‘East well 1 | West well 1 Well 4 water
(composite)

SITICA (510,) vrverereereerssnreres - -- -- 16
Iron (Fée).ocennennnen -- - -- .0
Manganese (Mn) .....eeeevenerees - - - -
Calcium (Ca).......... - - -- 99
Magnesium (Mg) ......... - - - 21
Sodium (N@)..ecuveeererrmnnnonaans -- - -- 35
Potassium (K) ....... veesns - - -- 1.9
Carbonate (COy)...... -- -- -- 0
Bicarbonate (HCO,) 414 388 230 333
Sulfate (SO,) cvseesrreeerraanonanes - - - 81
Chloride (C1). ceevvererecenes 8. 5 15 28 26
Fluoride (F) ..coverecesecenncnnne - -- - .1
Nitrate (NOg) couiecacencoreseonsas - -- - 1.4
Dissolved S0lidS ..ccceveniiens 412 383 489 464
Hardness as CaCO,:

Total ........ sesssscrsesscanasnns 324 324 22 334
Noncarbonate .......... vereens - - -- 60
[606) 1o R, vese aonnne ceenee : - - -- 0
pH........ [ ceeosrsnarianes - - -- 7.6

Specific conductance

(micromhos at 25 C.) ...... 733 732 713 707
Turbidity eeuveeeererreneeens verene -- - - -
Temperature (F.) ...o.ceeenenen . —- - -
Date of collection............... May 25, May 25, May 25, May 25,

1951 1951 1951 1951

Depth (feet) ..ovivvniniveennnnn.s 38 38 48
Diameter (inches) .............. . - -
Date drilled ......cceoervninennns 1923 1923 1940
Percent of supply ..............| - - -
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ALEXANDRIA
(Population, 34, 913)

Ownership: Municipal; supplies about 1,500 people outside of city limits. Total
population supplied, about 35, 400.

Source: 18 wells (U.S.G.S. R-7, R-12, R-15 to R-18, R-20, R-404 to R-406,
R-408 to R-410, and R-421 to R-426) ranging in depth from 253 to 1, 202 ft;
1 well (R-458), 341 ft deep, used only in emergency. The yield of wells R-T7,
R-12, R-15, and R-405 is reported to be 400, 473, 400, and 400 gpm, respec-
tively. (Data not available on other wells.)

Treatment: Chlorination.

Raw-water storage: None,

Finished-water storage: 3,200,000 gal.

The wells are pumped individually. The wells at Madison St., 5th and Monroe Sts. ,
N. 3rd and McNutt Sts. pump into the main reservoir at 5th and Monroe Sts.
The wells at the City Park pump into the reservoir at that location. The wells
at 4th and Casson Sts. and at Bolton and Rapides Ave. have small storage
tanks into which they pump.

The water is chlorinated at the intake of each of the storage points. It is pumped
from. storage into the distribution system.

There is considerable difference inthe chemical composition of the water from the
individual wells. The greater number of the wells deliver water that is very
soft. The analyses selected show approximately the range in dissolved solids
and "ardness of the waters from the wells.

ANALYSES
(Analyses, in parts per million, by U, S. Geological Survey)

Well Well Well Well Well

R-404 R-408 R-423 R-409 R-15
Silica (Si0p) ceveveernrnrnne. 28 30 47 28 49
Iron (F€) cecveveveenniocnens .51 9.0 .03 13 .15
Manganese (Mn) .......... .0 .3 -- .4 --
Calcium (Ca) .............. 19 97 1.2 116 1.3
glz:.ig'nesi(uﬁm)(Mg) .......... 4.4 50 .4 62 .5

odium (Na) ............... 9

Potassium (K) ............ > 250 7.1 121 21 { 81. 5
Carbonate (COy) .......... 0 0 0 0 0
Bicarbonate (HCOy)...... 591 548 297 600 212
Sulfate (SO,) .... 16 2.0 1.0 55 11
Chloride (Cl) .......cvee... Vi 9.0 14 30 11
Fluoride (F) .vevereenennns -- - 1.2 -- .9
Nitrate (NGQ) ...cuvenenenn .0 .0 .0 .0 .1
Dissolved solids ......... 689 458 335 626 270
Hardness as CaCO,:

Total ciiuivennecainnninneen 66 448 4 544 5
Noncarbonate ««.eceeeees 0 0 0 53 0
COlOr ..uiveinvieeneiinrecnnns -- -- -- -- 0
9 & S PP 8.1 6.8 7.5 6.8 -

Specific conductance

(micromhos at 25 C.) 1,130 817 - 1,050 -
Turbidity ...cviveeeeenienne. == -—- - - -
Temperature (F,)........ -- 68 -- 68 --
Date of collection ........ Aug. 25| May 13,{ Aug. 25| May 13, Oct. 22,

1949 1948 1943 1948 1938

Depth (feet) ............... 253 326 786 1, 027 1,202
Diameter (inches) ....... 8 12-8 12-8 12-6 12
Date drilled ............... 1941 1941 -- 1941 1935
Percent of supply ....... -- -- -- -— --
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BASTROP
(Population, 12, 769)

Ownership: People Water Service,Inc. ; supplies about 225 people outside city
limits. Total population supplied, about 13, 000,

Source: 3 wells (U, S. G. S, wells Mo-18, Mo-19 and Mo-65) >-65) 800, 600,
630 ft deep, and reported to yield 250, 650, and 950 gpm, respectively.

Treatment: None.

Storage: 240, 000 gal.

The analysis given is representative of the water served to the consumers.
ANALYSIS

(Analysis, in parts per million, by U. S, Geological Survey)

Well Mo-65 Well Mo-65
(city well 3) (city well 3)
Silica (8i0,) «.eeevvrivrnnen 11 Hardness as CaCQy:
Iron (Fe) .vvveverenenrnnnns .03 Total coiviineiiiiniiennnncns 6
Manganese (Mn) .......... - Noncarbonate ............ 0
Calcium (Ca) ....c.euven.e. 1.7
Magnesium (Mg) ......... .4 (| COLOT viverrrieiainecninnnnnans 35
Sodium (Na) ........ce.e... 281 51 5 SN 8.0
Potassium (K) ............ 1.2 {| Specific conductance
Carbonate (COy) 0 (micromhos at
Bicarbonate (HCOy) ..... 422 25 C.)evenninnennn vererrans 1,220
Sulfate (SO,) «vereverncennns 1.9 || Turbidity ........ccceee... --
Chloride (Cl):......evveune. 186 Temperature (F.)......... . 4
Fluoride (F) cceovreennnenn .6 || Date of collection ......... Feb. 27,
Nitrate (NOg) veoverveenenn. .5 1951
Dissolved solids ......... 697
DePth (FEeL) w.uciniiiiiiiiiiiiii i rere v e e e et ra e 630
Diameter (INCHeS) ..oceeiiieriiiiiiiiiiieeiireierernerrenrens e erenecareecernns 123-8
Date drilled .ioiiniiiiireiiieroiiienieeeieieteieeaeeineresesarrnteneeseennsensnnnns 1948
Percent of SUPPLY ..cceeriiiiiiniinirineiiiiinieieeieiarenensreeanrnsrnsnnaaeas --

BATON ROUGE
(Population, 125, 629)

Ownership: The Baton Rouge Water Works Co., Istrouma Water Co., and Dixie
Water Co. ; supplying approximately 109, 000, 11,000, and 6, 000 people,
respectively.

Source: 30 wells (The Baton Rouge Water Works Co., 19 wells; Istrouma Water
Co., 8 wells; and Dixie Water Co., 3 wells). Three of the wells of the
Baton Rouge Water Works Co. are 339, 338, and 343 ft deep; the remaining
wells range in depth from 1,496 to 2,712 ft, The wells of the Istrouma
Water Co, range in depth from 1,060 to 1,939 ft. The wells (EB-154,
EB-447, and EB-514) of the Dixie Water Co. are 2,434, 1,626, and 2,865
ft deep, respectively.

Treatment: Chlorination of the water furnished by the Baton Rouge Water Works
Co. and the Dixie Water Co. No treatment of water furnished by the Istrouma
Water Co.

Storage: The Baton Rouge Water Works Co., 6,140, 000 gal; the Istrouma Water
Co., 30,000 gal; and the Dixie Water Co., 120,000 gal.

The wells are pumped individually by electric pumps. The water is pumped di-
rectly into the distribution system and to storage. All of the analyses are of
water from the wells of the Baton Rouge Water Works Co. at different loca-
tion or pumping stations, and are representative of the water served to the
consumers,
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213

ANALYSES
(Analyses, in parts per million, by U. 8. Geological Survey)
Well Well Well Well Well
EB-1002 |EB-151b |EB-413¢ | EB-444d| EB-456¢€
Silica (S1i0p) voeevrrerrennees 34 24 28 24 23
Iron (Fe) vececverenrenenees 1.3 .07 .10 .23 .13
Manganese (Mn) .......... .05 .00 -- .00 .00
Calcium (Ca) ........... 62 1.4 3.6 1.0 1.3
Magnesium (Mg)....... 18 .2 1.7 .3 .2
Sodium (Na) .......ceceeene 20 82 73 91 83
Potassium (K) ............ 2.4 2.4 4.4 2.0 3.2
Carbonate (COy) .......... 0 6 10 19 10
Bicarbonate (HCO)...... 314 191 165 190 186
Sulfate (S0,) ..eveeerereenns 1.0 11 13 11 9.0
Chloride (Cl) .coecenvennnne 7.2 6.2 8.0 .0 3.8
Fluoride (F) .eee..ee veeees .1 .1 .2 .3 .3
Nitrate (NOy) ... 2.5 .0 2.8 .2 1.0
Dissolved solids ......... 300 219 228 241 223
Hardness as CaCO,:
Total...cooeerrecinccninnes 228 4 16 4 4
Noncarbonate ««seveeeeee 0 0 0 0 0
(0477 SN .- -- - -- -
9] 5 S 7.5 8.7 8.7 9.0 8.8
Specific condnctance
(micromhos at 25 C.) 505 344 322 383 347
Turbidity ,..vveeeeveeenen.t - - - - -
Temperature (F.)..ceeees 70 96 88 93 86
Date of collection ........ May 9, May 9, Bept. 26, | May 9, May 9,
1951 1951 1949 1951 1951
Depth (feet) ............... 343 2,664 | 1,732 | 2,253 1,895
Diameter (inches)........ 18-12 12-6 | 12-9 541 -- -
Date drilled ............... - - 1946 1946 1947
Percent of supply........ . . - . .
Well Well Well Well
EB-504f |[EB-5108 E3-5041 | EB-5108
Silica (8i0)) .......... 28 36 Hardness as CaCO,:
Iron (Fe) .icvevreeennes -— .24[} Total siececcecennens 6 2
Manganese (Mn) ..... -- .00l Noncarbonate...... 0 0
Calcium (Ca)..... .6 .4
Magnesium (Mg)..... 1.0 .3 || Color ceesessoercenanneas - -
Sodium (Na) ..eecenees 6 67 fo) ; QU 8.7 8.3
Potassium (K) ....... } - < .4 || Specific conductance
Carbonate (COy) ..... 10 - (micromhos at
Bicarbonate (nco,) 162 |P162 25 C.)eevreeaseeenes 326 279
Sulfate (80,) .. 16 9.6 || Turbidity........ eeene - --
Chloride (Cl) ......... 4.0 4.0 || Temperature (F.)... 88 85
Fluoride (F) ..ceeeuuen -- .1 |{Date of collection... [Sept. 26,| May 9,
Nitrate (NOy) ........ .2 1.2 1949 1951
Dissolved solids.....| 226 202

2 Front Street.
well 3.
well 4.,
ate (CO,).

d First Street.
g Lula Street.

b Government Street Station.
€ Scotlandville, La.

¢ Baton Rouge Water Works,
fGovernment Street Station,

h Includes the equivalent of less than 5 ppm of carbon-
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BATON ROUGE--Continued

Well Well
EB-504f EB-5108
Depth (fEet) «vvveeereneerrerniieerierrrarerrneesnsecrenerrinns reerireeaae, 1,717 1,605
Diameter (INChES) «vieueriireriniiiiiiiiereriureeesceneereraesssscesenns --| 12-95/8
Date drilled - ..vieviiiiiiiiiiiiiiiiiiiieniiiiiiiiiiiiarenanas crerariennes 1949 1951
Percent of SUPPLY «cveviriiiiiiiciiiiiiiiiiiiieetictttnseesiieiananes -- -
’ Regular determinations at treatment plant, 1951
Alkalinity Hardness
as CaCQO, pH as CaCoO, Turbidity
(ppm) (opm)
Av | Max| Min| Av|Max|Min | Av | Max| Min| Av | Max{ Min
Raw water......... 106 {124 | '72(8.1{8.5{7.6| --| --f --| 67 300] 25
Finished water...! 99 |120| 72|7.9(8.1| 7.7| -- e T -
f Government Street Station, well 4. g Lula Street.
BOGALUSA

(Population, 17, 798)

Ownership: Municipal; supplies approximately 500 persons outside of city limits.
Total population supplied, about 18, 300.

Source: 6 wells (U. S. G.S. wells Wa-34, Wa-41, Wa-44 toéWa-47) 1,500,
1,442, 1,450, 1,500, 1,500, and 1,500 ft deep. Emergency supply can be
furnished by the Gaylord Container Corp.

Treatment: None,

Storage: 2 elevated tanks, each 250, 000 gal; 2 underground tanks, each 500, 000

gal.
ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)

Well wWa-41 Well Wa-41
STHENETON R 48 Hardness as CaCOy:
Iron (Fe) .ccoceevuenenenenn. .06 Total covvvrnnieerinninenens 2
Manganese (Mn) - Noncarbonate ............ 0
Calcium (Ca) .............. 2
Magnesium (Mg) ......... .3 COLOT vivvenrneinrncnnrninnnnsns 7
Sodium (Na) ........cceee.. 44 PH ceeiiieneiiiniciiencneennes 8.0
Potassium (K) ............ .8 |/ Specific conductance
Carbonate (CO,) 0 (micromhos at
Bicarbonate (HCO,) ..... 105 25 C.)eereconnannnrnnacennes 204
Sulfate (30,) ...eoevuvennnnn 9.3 || Turbidity .......ccccvenennnn. -
Chloride (Cl) .............. 4.5 || Temperature (F.).......... --
Fluoride (F) ...ccvvununnnn. .2 || Date of collection ......... June 21,
Nitrate (NOg) vevvrveennnnes .0 1950
Dissolved solids ......... 165
Depth (FEEL) -eeveeernrmrenrrinmtiiiiiiiiiriietiriieaerereeene e seseeaeneens 1,442
Diameter (inches) «ecreeererieniiviniiiiiiaines T R RTINS sesreenansens 12-95/8
Date ATilled cerereretrrnrnenrnenrerestomerenracassstssoneeresnsasssosnsssonesasnens 1950
Percent of Supply ................................................................. —_—

BOSSIER CITY .

(Population, 15,470)

Ownership: City of Shreveport.
Source: Supplied by city of Shreveport (See Shreveport. )
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CROWLEY
(Population, 12,784)

Ownership: Central-Louisiana Electric Co.

Source: 3 wells (U.S. G.S. wells Ac-169, Ac-170, and Ac-280), 280, 247, and
257 ft deep, and reported to yield 1,250, 900, and 1,400 gpm, respectively.

Treatment: Aeration (trays), softening with lime, coagulation with iron salts,
sedimentation, rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 5, 100, 000 gpd.

Raw-water storage: None.

Finished-water storage: 1,060,000 gal.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Well [Finished Well Finished
Ac-2802| water Ac-2802 | water
Silica (8i0)) ....... | 32 28 Hardness as CaCOy:
Iron (Fe) ....... . 1.7 .14l Total wessscerasersens 216 81
Manganese (Mn)..... - - Noncarbonate...... 0 0
Calcium (Ca) ....e0eee 54 7.7
Magqesium (Mg)".“ - 20 15 Color-eseeese eseasssncsas - 5
Sodium (Na) ...ecee. . 65 69 ) ; (PR 7.3 8.6
Potassium (K) ....... 6.0 2.8 ||Specific conductance
Carbonate (COy) ..... 0 10 (micromhos at
Bicarbonate (HCOy) | 396 205 25 C.)ueerrcnrenenes . 691 432
Sulfate (SO,) v.ceeuvaee .5 .8 || Turbidity ceseeeeresenas -- --
Chloride (Cl).........| 26 29 Temperature (F. )... - 70
Fluoride (F) ...cocuens .2 .2 ||Date of collection... |Sept. 16,| Apr. 4,
Nitrate (NO,) 8.2 2.0 1950 1951
Dissolved solids..... 405 259
Depth (FEet) ....cc.uviiriiiiieiiiieriie et raa s e e 257
Diameter (IRCHES).........cccuievirivnnieiiineriiriierrirnereeieneneeeens 12-10
Date drilled ....cevieeieereriiuvennerereeeeeeniinereeeeeeeeeeeeereenenees 1942
Percent of SUPPLY ..oviniiiiiiiiiiiii e, -
2Raw water.
GRETNA

(Population, 13,813)

Ownership: Municipal.

Source: Mississippi River. Emergency supply may be obtained from nearby in-
dustrial supply wells.

Treatment: Plain sedimentation, softening with lime, coagulation with iron salts,
sedimentation, rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 2,000, 000 gpd.

Raw-water storage: None.

Finished-water storage: 1,250,000 gal.

\
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GRETNA--Continued

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw rFinished Raw |Finished
water water water water
Silica (SiOp) +eververes 8.4 9.8 ||Hardness as CaCOy:
Iron (F€) veeveeeenns . .06 .05 Total weveseceaecreene 127 65
Manganese (Mn) ..... .00 .00 Noncarbonate...... 34 35
Calcium (Ca) ......... 35 21
Magnesium (Mg)..... 9.7 3.0 |[|Color.. ceeseas -- --
Sodium (Na) ........e.] 13 13 ||pPH.ceeues veeesencnenes . 7.3 9.8
Potassium (K) ....... _ 4.4 ||Specific conductance
Carbonate (CQy) ..... 0 15 " (micromhos at
Bicarbonate (HCOy) | 114 6 25 C.)eueees 317 237
Sulfate (SO,) ..........| 38 42 Purbidity ..o.eeeenes - -
Chloride (Cl)...c.ceue 14 15 Temperature (F.)... -- --
Fluoride (F) ...c....ee. .3 .3 ||Date of collection... | May 14, | May 14,
Nitrate (NOy) ..... 3.0 2.5 1951 1951
Dissolved solids..... 193 133 ‘
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCQ, pH as CaCO, Turbidity
{ppm) {(ppm)
Av|Max| Min{ Av |Max| Min| Av |[Max|Min | Av|Max| Min
Raw water......... --T =] --|7.8[8.0|7.8| 115| 130] 100 800 |1200] 700
Finished water...] --| --| --]9.6/9.6/9.6{ 70| 75, 60| 2 2 2
HOUMA

Ownership: Municipal.

(Population, 11, 505)

Source: Intracoastal Canal (Bayou Black).
Treatment: Coagulation with alum and lime, sedimentation, rapid sand filtration,

and chlorination.

Rated capacity of treatment plant: 2,000,000 gpd.
Raw-water storage: 30, 000,000 gal.
Finished-water storage: 450,000 gal.

ANALYSES
per million, by U. S. Geological Survey)

(Analyses, in parts

Raw |Finished Raw |Finished
water water water water
Silica (810 +eevereees 8.6 7.2 ||Hardness as CaCOjg:
Iron (Fée) coceninnnnnes .41 .18 Total weseseecceccnnne 106 103
Manganese (Mn) ..... .00 .00 Noncarbonate...... 39 79
Calcium (Ca).........| 29 28
Magnesium (Mg)..... 8.3 8.0 |[Color eesieaeruaciranns - -
Sodium (Na) ........ o 26 28 ) ; (TR 7.5 7.1
Potassium (K) ....... 3.6 2.8 ||Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCQ,) 82 37 25 C.)eeerneenees 348 373
Sulfate (SO, ceeeenenee 27 73 Turbidity .cceeeeees - -
Chloride (C)) ....... o 42 44 Temperature (F.)... - -
Fluoride (F) .......... .3 .3 ||Date of collection... |May 14, [May 14,
Nitrate (NOg) ......... 1.8 1.2 1951 1951
Dissolved solids..... 207 222
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HOUMA--Continued
Regular determinations at treatment plant, 1950

Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
(ppm) (ppm)
Av|Max| Min| Av [Max| Min| Av |Max|Min | Av|Max|Min
Raw water......... 65| 116| 52 {7.5| 7.8[6.7 80{120 75 70{450 | 40
Finished water...| 40| 72| 32 {8.6] 9.0/8.0 90160 70} == --| --

JEFFERSON PARISH

Ownership: East Jefferson Water District 1; supplies Harahan, Kenner, Metairie,
Shrewsbury, Southport, and other communities, Total population supplied,
about 62, 000,

Source: Mississippi River., Emergency supply can be obtained from the New
Orleans public supply. ’

Treatment: Plain sedimentation, softening with lime, coagulation with lime and
iron salts, ammoniation, sedimentation, rapid sand filtration, and chlorina-
tion.

Rated capacity of treatment plant: 10, 000, 000 gpd.

Raw-water storage: None.

Finished-water storage: 3,500,000 gal,

The treatment plant for East Jefferson Water District 1 is at Shrewsbury.

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Raw IFinished Raw | Finished
water water water water
Silica (SiOy) .eevvenns 10 12 Hardness as CaCO,:
Iron (Fe) ceveeerrnns . .02 .03]| Total weceeeasercennne 156 75
Manganese (Mn)..... -- .00j| Noncarbonate...s.. 38| 48
Calcium (Ca) ...cceae. 41 21
Magnesium (Mg).....| 13 5.5 ||COlor esersssesssrassion - -
Sodium (Na) seeseeeens 21 21 pH.......... creresnaranne 7.7 8.9
Potassium (K} ..... .- - 2.0 |[Specific conductance
Carbonate (COy) ..... 0 5 (micromhos at
Bicarbonate (HCOy) | 144 23 25 C.)uueeee creseneee 400, 279
Sulfate (SO,) ....... | 41 56 Turbidity ...cooeeveeees -~ --
Chloride (C})....... . 26 27 Temperature (F.)... -~ --
Fluoride (F) .ceeveane. .3 .2 |{Date of collection... | Oct. 12,| Oct. 12,
Nitrate (NOg) ......... 3.0 2.0 1951 1951
Dissolved solids..... 234 163
Regular determinations at treatment plant
Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
(ppm) (ppm)
) Av|{Max; Min| Av |Max} Min{ Av/Max|Min | Av|Max/| Min
Raw water......... --11e5| 671 --f8.2] 7.5] --| -~ --]500(1600] 45
Finished water...] -- | 43] 23| --[10 | 9.8 --|116]{ 79| of of o
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LAFAYETTE
(Population, 33,541)

Ownership: Municipal,

Source: 5 wells (U.S.G.S, wells Lf-1, 1Lf-433, Lf-491, 1f-492, and Lf-503), 220,
204, 214, 213, and 212 ft deep. The total yield of the wells is reported to be
from 1,500 to 2,000 gpm.

Treatment: Aeration (trays), coagulation with sodium aluminate, softening with
lime, sedimentation, addition of polyphosphate (Calgon) for stabilization, rapid
(anthrafilt) filtration, and chlorination.

Rated capacity of treatment plant: 3,000,000 gpd.

Raw-water storage: None,

Finished-water storage: Surface storage, 1,000,000 gal; elevated tank, 500, 000
gal.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Well Finished Well |Finished
Lf-491 water Lf-491 | water
Silica (Si0y) .verernres 46 37 Hardness as CaCOs:
Iron (Fe) ceeverernnn 3.6 L 15]|  Total weeecssccocscnes 123 95
Manganese (Mn) ..... -- .1 Noncarbonate...... 0 6
Calcium (Ca).......u. 36 27
Magnesium (Mg)..... 8.0 6.8 |[Colorseeercescenens 0 0
Sodium (N2) ..eeeeneen 9.8 9.7 HPH creerrnversnccnces 7.0 8.9
Potassium (K) ....... 1.2 2.0 ||Specific conductance
Carbonate (COy) ..... 0 19 (micromhos at
Bicarbonate (HCO,) 151 k4 25 C.)ueucnnnens 278 258
Sulfate (SO,) vveeerenes 9.3 10 | Purbidity....ccceeee - --
Chloride (Cl) ......... 8.2 12 Temperature (F.)... -- --
Fluoride (F) cocveveuss .5 . 2 |{Date of collection... Oct. 25, Apr. 5,
Nitrate (NO,) ......... .0 .2 1949 1951
Dissolved solids..... 195 161
Depth (feet) c.ovvvveineiiiniininiiiiiiniien P ceesanes asssesaassensens 214
Diameter (InChes) ....ciivviiieiiiiiiiiiciincnsiscinsinnen, verenrasnes 24-16-10
Date drilled ....oeeeniiuiiiiiiiiiiiicienrttrreaeriee e 1949
Percent of Supply ...ccevviiiiiiiiiiiiiiiiii e -<
Regular determinations at treatment plant, 1950
Alkalinity Hardness
as CaCO, pH as CaCoO, Turbidity
{(ppm (ppm)
Av| Max{Min| Av [Max|{Min| Av | Max{ Min | Av | Max| Min
Raw water......... 123 - --{s6.9] - =] 133] --] --[ of --T --
Finished water..{ --} --| --19.5{ --| --| 85} --} -- 0f --| ==

LAKE CHARLES
(Population, 41,272)

Ownership: Gulf States Utilities Co.

Source: 5 wells ("A', "K". "L", "M", and "N") for regular supply; Calcasieu
Lake for auxiliary supply. The depths of the wells are reported to be 693, 680,
696, 690, and 676 ft, and the yields, 1,500, 1,500, 1,500, 1,760, and 1,500
gpm, respectively. .

Treatment: Aeration (contact beds), softening, sedimentation, rapid sand filtra-
tion, and chlorination,

Rated capacity of treatment plant: 3,000,000 gpd.

Raw-water storage: None (except Calcasieu Lake).

Finished-water storage: 1,500,000 gal.
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LAKE CHARLES--Continued
ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)
Well "L Finished Well "L Finished
water water
Silica (Si0p) .cevseeree 50 48 Hardness as CaCO;:
Iron (Fe) ...... ereeense 1.6 .04 Total weseeceesnereens 108 109
Manganese (Mn)..... - - Noncarbonate...... 0 0
Calcium (Ca) .ccoeuree 27 28
Magnesium (Mg)..... 9.7 9.5 [||COLOT sevarerrrenearenne 10 .
Sodium (Na) ....ceeeen 80 m PH.cocerueen vessasenennes 7.1 7
Potassium (K) ....... 6.4 5.6 ||Specific conductance
Carbonate (CQy) ..... 0 0 (micromhos at
Bicarbonate (HCQy) 170 160 25 C.)evenrneeranenes ‘580 594
Sulfate (SO,) ceevnvenes 2.4 9.6 || Purbidity........... - -
Chloride (Cl)......... 99 105 Temperature (F.)... 73 74
Fluoride (F) ceeeueenne .4 .5 ||Date of collection... |Qct. 25,| Apr. 6,
Nitrate (NQy) ......... .0 .2 1949 1951
Dissolved solids.....| 359 348
Depth (feet) .vvvvrrerniiiiiiiiiiiiiiiii e 696
Diameter (INChES) «vevvvtiiiiiinieiniiniiiiiiiiiiieeeienrsnrerenens 16-10
Date dArilled coveeierieiiieiiiiiniiieieiiiiiiiiiiatiatecattiinaciiretasasens 1946
Percent of SUPPLY -cteeeririiiiiiiiiiiiiiiie st e e
MONROE

(Population, 38,572)

Ownership: Municipal; supplies approximately 5, 000 people outside of the city
limits. Total population supplied, about 43, 600.

Source: Bayou De Siard for regular supply; Ouachita River for auxiliary or emer-
gency supply.

Treatment: Prechlorination, aeration (spray), coagulation with alum, sedimenta-
tion, addition of soda ash for pH control, rapid sand filtration, and postchlo-
rination.

Rated capacity of treatment plant: 9, 000, 000 gpd.

Raw-water storage: None.

Finished-water storage: 3,000,000 gal.

At the time of the collection of the samples lime instead of soda ash was being used
for pH control in the treatment process.

ANALYSES
(Analyses, in parts per million, by U. 8. Geological Survey)
Bayou |Finished Bayou | Finished

De Siard®, water De Siard®| water
Silica (8i0,) ..evveeree 0.8 0.5 [|Hardness as CaCQ,:
Iron (F€) coevernencnnen .25 .04 Total weeeeercenrensns 19 36
Manganese (Mn) ..... .00 .00 Noncarbonate...... 0 20
Calcium (Ca) ...cceeu. 4.3 11
Magnesium (Mg)..... 1.9 2.1 ||Color.sescees emresnsseans - --
Sodium (Na) .c..eeeees 7.6 T.T IPH ceevrnrerrcieninnnnnees 6.7 7.0
Potassium (K) ....... 1.6 -- || Specific conductance
Carbonate (CQ,) ..... 0 0 (micromhos at
Bicarbonate (HCOy) 27 20 25 C.)eveecrennennens 81 130
Sulfate (SO .cceeeenes| 3.1 | 16 Turbidity .cooeveerenees - -
Chloride (C])......... 5,2 16. Temperature (F.)... 76 76
Fluoride (F) cocerveens .3 .2 |[|Date of collection... May 1, | May 1,
Nitrate (NOy) ......... 1.5 .5 1951 1951
‘Dissolved solids.....;] 51 75

ARaw water.
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NEW IBERIA
(Population, 16,467)

Ownership: Central-Louisiana Electric Co.

Source: 4 wells (U, S.G.S. wells I-1, I-12, I-18, and I-63) for regular supply;
Bayou Teche, auxiliary or emergency supply. The depths of the wells are re-
ported to be 290, 250, 278, and 288 ft; and the yields (well I-1, not reported),
1,800, 1,000, and 1,760 gpm, respectively.

Treatment: Aeration (cascades), softening with lime, sedimentation, rapid sand
filtration, and chlorination.

Rated capacity of treatment plant: 1,850,000 gpd.

Raw-water storage: None,

Finished-water storage: 500,000 gal.

ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Well [Finished Well 1l?‘inisheol
1-1 water I-1 water
Silica (Si0p) .ceveeeres 42 36 Hardness as CaCOjy:
Iron (Fée) ceveeernnneen 1.7 .24 Total wesssesesesasece 395 151
Manganese (Mn) ..... -- -- Noncarbonate...... 0 0
Calcium (Ca) ceveeunes 99 16
Magnesium (Mg)..... 36 27 COlOT crsscsenesesronaree 10 5
Sodium (Na) ........ . 20 26 [<] : TR 7.2 7.6
Potassium (K) «.co.a. 12 1.6 |[|Specific conductance
Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOy) 540 | 216 25 C.)uvrnrenroannes . 785 391
Sulfate (SO,)...... .5 .5 || Purbidity.............. - -
Chloride (Cl)..... 8.5{ 13 Temperature (F.)... 74 -
Fluoride (F) .......... .8 .2 ||Date of collection... |Oct. 19, |Mar. 19,
Nitrate (NO,) ......... .0 10 1950 1951
Dissolved solids.....| 476 231
Depth (feet) .oovveveiiiiiiiiiiiiiiiii it e 290
Diameter (INCheS) ce.iviiiieiiiiiniiiniiiineeiiiniiissaateisecsesssasss 12-10
Date drilled ..occcviviiiiiiiiiiiiiiiiiiiiiccenrrrrenre s s eiaaas -
Percent of SUPPLY «-covvriviiiiiiiiiiiiiii e --

NEW ORLEANS
(Population, 570, 445)

Ownership: Municipal.

Source: Mississippi River. Auxiliary and emergency supplies can be obtained
from Jefferson Parish, East Jefferson Water District 1.

Treatment: Carrollton Plant, plain sedimentation, softening with lime, sedimen-
tation, activated carbon at times for taste and odor control, coagulation with
ferrous sulfate, sedimentation, ammoniation, polyphosphates for stabilization,
chlorination, rapid sand filtration, postchlorination, and addition of activated
carbon when required.

Algiers Plant, prechlorination, coagulation with ferrous sulfate, softening

- with lime, sedimentation, ammoniation, rapid sand filtration, postchlorina-
tion, and addition of activated carbon for taste and odor control when re-
quired. .

Rated capacity of treatment plants: Carroliton Plant, 112,000,000 gpd; Algiers
Plant, 7,000, 000 gpd.

Raw-water storage: None,

Finished-water storage: Carrollton Plant, 15,000,000 gal; Algiers Plant,

7,000, 000 gal.
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NEW ORLEANS--Continued
ANALYSES

(Analyses, in parts per million, by U. S. Geological Survey)

Raw Finished Raw Finished

water @ water 2 water b water b
SIIHCa (S10,) vvveevererrerseensens 10 12 10 10
Iron (Fe)euveeeenennnnes vereres .36 .08 B .03
Manganese (Mn) ....cceeveen. vees .00 .00 .00 .00
Calcium (Ca)...cceeniennenens 47 .16 48 20
Magnesium (Mg) ..cceoeeerrrnnen 14 8.1 14 8.3
Sodium (Na).....ceueeee corevnne . 21 21 21 20
Potassium (K) ...coveeveeenennnnn .8 .8 .8 .8
Carbonate (COg) ...cevnrenrennene 0 0 0 6
Bicarbonate (HCOg).....eeuernee 161 37 162 24
Sulfate (504) eseecssecssrsoracensaa 51 52 51 58
Chloride (CI). ..ccvuvecencrnnens . 24 26 24 27
Fluoride (F) covveveenvcecacennes .3 .2 .3 .3
Nitrate (NOg) .eccevvurunane 2.5 2.0 2.0 2.0
Dissolved solids ...ccveeneees 262 158 266 166
Hardness as CaCOy:

Total covvuvrverenrerancans creenes 175 73 17 84
Noncarbonate ......ceceeevenne 43 43 45 54
Color...... teeesses anascencnann - -- - -
PH.oevernnne trerasesesesescnsrsrne 7.5 7.1 7.5 8.8

Specmc conductance
(micromhos at 25 C.) «eeee. 438 2170 439 285
Turbidity c..veeeerveeersenees -- -- -- --
Temperature (F.) -- -- -- --
Date of collection Aug. 31, Aug. 31,| Aug. 31, Aug. 31,
1951 1951 1951 1951
Regular determinations at treatment plant, 19502
Alkalinity Hardness
as CaCoO, pH as CaCO, Turbidity
(ppm (ppm)
Av| Max|Min| Av [Max|{Min| Av | Max|Min | Av |Max| Min
Raw water......... 95 {135 | 61] 8.1} 8,5{7.9| 133} 200! 88 {535 |1770|55
Finished water..| 35| 52 | 27[10.1(10.6/ 9.5| 75| 109 54 L1 L2 .0

aCarrollton Plant,
bAlgiers Plant.

OPELOUSAS
(Population, 11,659)

Ownership: Municipal.

Source: 4 wells (U. S. G. S. S1-2, S1- 89 S1-122, and S1-123) 326, 288, 326, and
326 ft deep. The yield of the wells is reported to be 1,800, 1, 500 2,000, and
2,300 gpm.

Treatment: Aeration (contact bed of coke), softening with lime, sedimentation,
rapid sand filtration, and chlorination.

Rated capacity of treatment plant: 1,500,000 gpd.

Raw-water storage: None.

Finished-water storage: 950,000 gal.
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OPELOUSAS--Coiitinued

ANALYSES
(Analyses, in parts per million, by U, S. Geological Survey)
Well [Finished| Well [Finished
S51-122 | water S1-122 | water
Silica (8i0g ...vvven. 41 34 Hardness as CaCOy:
Iron (Fe) .......... el L1 06|l Total weeeererienns 245 102
Manganese (Mn) ..... — .00]|| Noncarbonate...... 0 0
Calcium (Ca) ...... | 62 13
Magnesium (Mg)..... 29 17 Color.seeeees cerenensenns 5 0
Sodium (Na) ....... o929 26 PH oerrnnecenncntrannnee 7.4 8.6
Potassium (K) ....... 8.8 2.0 ||Specific conductance
Carbonate (COy) ..... 0 7 (micromhos at
Bicarbonate (HCO,) | 339 154 25 C.)eerenennsranens 552 292
Sulfate (SO,) .......... .5 9.9 ||Turbidity.......... one - -
Chloride (C])......... i3 12 Temperature (F.)... 70 69
Fluoride (F) .c.cceuves .3 .1 ||Date of collection... June 15, Apr. 2,
Nitrate (NOg)......... .2 .2 1950 1951
Dissolved solids.....| 326 178
Depth (feet) ......cvvvivieriiiiiiiiniiin i 326
Diameter (InChes)..........c.iviviivneierereniinieineriuesernuinienn 10
Date drilled ........ccoiviiuiimiriienieiinnrninsmririsiisinienienresienns 1942
Percent of SUPPLY .....cvvviviiiieiiiniieiiiiiieniiieiereininiearieesnaes -
RUSTON

(Population, 10,372)

Ownership: Municipal; also supplies about 250 people cutside the city limits.
Total population supplied, about 10, 600.

Source: 2 wells (U. S. G. S. L-1 and L-2) each 637 ft deep, and each reported to
yield 750 gpm. An emergency supply can be obtained from a well at Louisiana
Polytechnic Institute.

Treatment: None.

Storage: 1,500,000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)

Well L-1 Well L-1
Silica (Si0,) ....vevnvenne. 23 Hardness as Ca.CO,a
Iron (Fe) ....ceevernnnnnn, .16 Total c.vvvvieiinniinnanns 6
Manganese (Mn) .......... . Noncarbonate ............ 0
Calcium (Ca) .............. 1.6
Magpesium (Mg) ......... .5 [|COlOT cuvrveinrirnianieniaiannes -
Sodium (Na) ......ccoeennes 69 1] - SN 8.0
Potassium (K) ............ 3.2 || Specific conductance
Carbonate (CO,) .......... 0 (micrombhos at
Bicarbonate (HCO,) ..... 163 25 CL)oveverenrneenasiananns 305
Sulfate (SO,) .ceoveevrannnnn 13 Turbidity ......covvvnveninnns -
Chloride (Cl) ........u..... 8.0 || Temperature (F.)...covee.s 76
Fluoride (F) ....c.cvnveneee .1 || Date of collection ......... © Apr. 4,
Nitrate (NO,) .............. .5 1951
Dissolved solids ......... 198
DEPLh (FEEE) «evunuernerrrrerirerseerereeeersnesiensmaereniareserersrannn e, 637
Diameter (InGheS) ....cccviriiiriiiiiniiiniiiiiciiiniiiinii e aens 16-10
Date drilled ....... TSP D PPN 1936
Percent of SUPPLY ccvviiriiiiiiiiiiimiiiiiiiiiiiiiiiiieiiiiei it cnesaeaaans -
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SHREVEPORT
(Population, 127, 206)

Ownership: Municipal; supplies Bossier City, and approximately 27, 000 people
outside of the city limits, including Barksdale Field. Total population supplied,
about 169, 700.

Source: Cross Lake,

Treatment: (Both plants) addition of lime, ammoniation, coagulation with alum,
sedimentation, rapid sand filtration, and chlorination.

Rated capacity of treatment plants: Cross Lake Plant, 15, 000, 000 gpd; McNeill
St. Plant, 14,000,000 gpd.

Raw-water storage: None,

Finished-water storage: 6,000,000 gal.

ANALYSES
(Analyses, in parts per million, by U. S. Geological Survey)
Raw |Finished Raw [Finished.
water2 | water? waterd | water
Silica (8i0)) ........ . 7.8 7.4 ||Hardness as CaCOy:
Iron (Fe) .19 .06 Total weverceecioences 48 68
Manganese (Mn)..... .00 .00 Noncarbonate...... 24 35
Calcium (Ca)....ceee| 10 18
Magnesium (Mg)..... 5.7 5.6 [/Color eeceeceeees - --
Sodium (Na) .......... 23 23 [2) ; S RTPRY 6.9 7.1
Potassium (K) ....... 2.0 3.2 ||Specific conductance
-Carbonate (COy) ..... 0 0 (micromhos at
Bicarbonate (HCOy) | 30 40 25 C.)eveennrenennene 230 270
Sulfate (SO) .oceveeeee] 25 33 Turbidity .ceveeeeees e - -
Chloride (Cl) ..ceueue 36 41 Temperature (F.)... 73 74
Fluoride (F) .3 .1 ||Date of collection... May 3, May 3,
Nitrate (NOg) ......... 1.0 .0 1951 1951
Dissolved solids.....| 133 162
Regular determinations at treatment plant
Alkalinity Hardness
as CaCO, pH as CaCO, Turbidity
(ppm) (ppm)

Av| Max|{Min| Av |Max|{Min| Av | Max|Min | Av |Max| Min

Raw water......... 22| 30| 7 .0| 38| 42| 33 17| 35 g
Finished water..] 32| 38| 27 9.5(8.5] 63| 68| 60 0 0 0

R
oo
=
(4]
=
o

2Cross Lake Plant.
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WEST MONROE
(Population, 10,302)

Ownership: Municipal; also supplies about 2, 500 people outside the city limits.
Total population supplied, about 12, 800.

Source: 3 wells (U. S. G. S. Ou-63, Ou-64, and Ou-135) 473, 473, and 480 ft
deep; each reported to yield 800 gpm.

Treatment: None.’

Storage: 100,000 gal.

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)

Well Ou-63 Well Ou-63
Silica (Si0,) ..cccvvrvnnanas 12 Hardness as CaCQy:
Iron (F€) ..covviiveniiuennns .00 Total veveiveiciriiinecnnacns 2
Manganese (Mn) .......... .00 Noncarbonate ............ 0
Calcium (Ca) .............. .4
Magnesium (Mg) ......... L2 [JColor wiiiiiiiaeaniiiianaen, --
Sodium (Na) ............... 123 PH (i 8.5
Potassium (K) ............ 2.4 ||Specific conductance
Carbonate (COy) .......... 5 (micromhos at
Bicarbonate (HCO) ..... 283 25 C.)evreernnnnrinenencaene 502
Sulfate (SO,) .couvcuneennne. .2 || Turbidity ........cceevnnnnene --
Chloride (C1) .....evevenen. 19 Temperature (F.)...ccou.en 72
Fluoride (F) .....c.veeeee. .2 || Date of collection ......... Apr. 4,
Nitrate (NOg) .oovvvninnens .5 1951
Dissolved solids ......... 299
Depth (feet) .oovvevniinnnnne eeettensercasieacntartatsestasinsensescenrsttrtsanasaans 473
Diameter (INChes) . .civeeiiiimiiiiiiiiireiiiiiiiiiiieiiirtiisiersereienranens 16-8
Date drilled .ieeveneieriiiiiiiiiiiiiiiiiiiiiiciiiia ettt et eaes 1932
Percent Of SUPPLY ceveieriieriiiiiietereierernssessenteeccesnrssscsnsesscaonsssonss -
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ALBERT LEA
(Population, 13, 545)

Ownership: Municipal; also supplies about 500 people outside the city limits.
Total population supplied, about 14, 000.

Source: 2 wells, 400 and 600 ft deep; tie-in with Wilson Co. for auxiliary supply.
The yield of the wells is reported to be 1,750 and 1, 250 gpm.

Treatment: Chlorination, addition of sodium metaphosphate (Nalco-18) for water
stabilization after the water leaves the storage reservoirs.

Raw-water storage: None.

Finished-water storage: Reservoirs, 2,500,000 gal.

ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)

Finished Finished
water . water

(composite) (composite)
Silica (Si0,) ..vvvvevvennes 25 Hardness as CaCOy:
Iron (Fe) .cccvevvvenennnnns 1.0 Total cccvveerineiiviicnnnnns 350
Manganese (Mn) .......... .01 Noncarbonate ............ 5
Calcium (Ca) .....ceuuuuee. 92
Magnesium (Mg) ......... 29 COIOT 4erveinrnrincrecernncenens 3
Sodium (Na) ............... 12 4] ; S, ceereenee 7.6
Potassium (K) ............ 1.8 Specmc conductance
Carbonate (COy) .......... 0 (micromhos at
Bicarbonate (HCO) ..... 421 25 C. ovrecarsrsnrcnnrenccns 645
Sulfate (SO,) ..cccvvennnens 20 Turbidity ........... 2
Chloride (Cl) .....ccueuu.. 5.5 Temperature (F.)... 48
Fluoride (F) ....coeunen.... .1 Date of collection May 8,
Nitrate (NO,) .veceveenneen. 2.1 1951
Dissolved solids ......... 404
Depth (feet) .icevevereeieiianniieniaiencinnennee sebseresaesstntonssessrassestsatias 400, 600
Diameter (InChes) «.cceeevrirnvecenennennnnne . 12
Date drilled ...cieeeievereceinecnnns vessessnene seeevesssensan .
Percent of SUPPLY ..vvveeeeeirecnresecnennees coesbessnensossbrorassnassssacnssens 100

AUSTIN
(Population, 23, 100)

Ownership: Municipal,
Source: Sargeant Springs, 50 percent of supply; 1 well, 112 it deep, 50 percent of

supply. 'The yield for Sargeant Springs is reported to be 2,200 gpm, and for
the well, 1, 940 gpm.

Treatment: Chlormatxon Fluoridation of the supply has been proposed. -
Raw-water storage: None.

Finished-water storage: Reservoir, 2,186,000 gal; elevated storage, 750, 000 gal,
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AUSTIN--Continued
ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)

Finished Finished
water water

(composite) | (composite)
Silica (510,) ...covveenennns 15 Hardness as CaCOy:
Iron (Fe) .c.ovevenininnnenns .12 Total coevueiniinennianannn. 236
Manganese (Mn) .......... .00 Noncarbonate ............ 12
Calcium (Ca) .............. 59 j
Magnesium (Mg) ......... 22 (64 1) N 1
Sodium (Na) ............ 4.2 JIPH crveirinininiiieiiincncennnas 7.8
Potassium (K) ............ 1.0 Speclfxc conductance
Carbonate (CQ,) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 274 25 C.)evereennenncnsasnnnnns 446
Sulfate (S0, .....ecuuvenen. 13 Turbidity ......civeieneneenns 0.6
Chloride (Cl) .......cu.uue 3.0 Temperature (F.)...ceeeu.s --
Fluoride (F) ...cccvvennuns .2 || Date of collection ......... May 8,
Nitrate (NOg) «.eeeennnenn. 3.5 1951
Dissolved solids ......... 256

BEMIDJI’

(Population, 10,001)

Ownership:” Municipal; total population supplied, about 5,000. Only part of the
population is supplied by the city; the remainder is supplied from private wells.

Source:

5 wells, (7, 9, 10, 12, and 14) 187, 87, 250, 108, and 98 ft deep. The

yield of the wells is reported to be 550, 410, 600, 550, and 440 gpm.
Treatment: Chlorination when necessary.

Raw-water storage: None.

Finished-water storage: 500,000 gal.
ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)

Finished a] Finished
water water
(composite) (composite) 2

Silica (510,) ..c.vvvvveeens 21 Hardness as CaCQy:
Iron (Fe) .icvevenvnnnrinnns .25 Total coveveeieinienranonnnas 201
Manganese (Mn) .......... .00 Noncarbonate ............ 0
Calcium (Ca) .............. 52
Magnesium (Mg) ......... 17 COlOT suviiinrererenronncannenes 1
Sodium (Na) ........connee. 9.5 |[PH cevevnrnniiiirinnieiinnae 7.7
Potassium (K) ............ .6 Spec1ﬁc conductance
Carbonate (COy) ......... 0 (micromhos at .
Bicarbonate (HCO,) ..... 263 25 C.)eveeerereennennnnnones 389
Suifate (SO,) ceveveiuennnnns 2.0 || Turbidity .......cocveinunnnnn 1
Chloride (Cl) .............. .5 || Temperature (F.).......... 46
Fluoride (F) ..ccccevvunenns 0 Date of collection ......... May 2,
Nitrate (NO,) .............. 6.5 1951
Dissolved solids ......... 246

aWells 7, 10, and 12.
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BRAINERD
(Population, 12,637)

Ownership: Municipal,

Source: 4 wells (3 to 6), 120, 120, 145, and 150 ft deep. The yield of the wells
is reported to be 1,200, 1,200, 2,400, and 2,500 gpm. Two wells are pumped
at one time inio reservoir and tower storage and then into the mains.

Treatment: Iron and manganese removal by upward flow of water through beds of
manganese ore, aeration and percolation through beds of coke, and rapid sand
filtration,

Rated capacity of treatment plant: 3, 300, 000 gpd.

Raw-water storage: None.

Finished-water storage: Reservoir, 800, 000 gal; tower, 300, 000 gal.

ANALYSIS

(Analysis, in parts per million, by U. S. Geological Survey)

ells 3 and6 Wells 3and6
(finished (finished
water) . water)
Silica (Si0,) ........cvveee. 20 Hardness as CaCQy:
Iron (Fe) ..uvvvvennnnennene. .02 Total ceeeeeenicicnnianaonnes 229
Manganese (Mn) .......... .00 Noncarbonate ............ 21
Calcium (Ca) .............. 66
Magnesium (Mg) ......... 16 [876] U} PN 3
Sodium (Na) ...cccvvevenne. 9.5 415 S, vevesenre 7.6
Potassium (K) ............ .5 Specific conductance
Carbonate (CQy) .......... 0 (micromhos at
Bicarbonate (HCO,) ..... 254 25 C.)ovvnrennrnecsnsarcnses 439
Sulfate (SO,) ..ovveenrerennn 29 Turbidity .ccceceeecreceenanen 0.2
Chloride (Cl) ....cccceuevnns 5.5 Temperature (F.)..cceee... 47
Fluoride (F) ....ccceuueen. .0 Date of collection ......... May 2,
Nitrate (NOy) «co.eeerueenne 4.4 1951
Dissolved solids ......... 288 .
Depth (feet) ........ retrrerreeeeereenns cereennen cetererraserrerenrienrenstaresanies 120, 150
Diameter (inches) .......cceueeeeennnnen ceereessssennnes eeeveeeerrenreseenrarsens 16, 16
Date drilled w..ccoceeeeerreeeseenunens teeeseretettttneetasesirannrsetersssesssanns 1939, 1947
Percent of SUPPLY .cvvieiiiieiiciniierieiorietarenrancacescasercesssonsossoscncases -
DULUTH

(Population, 104, 511)

Ownership: Municipal; also supplies about 2, 700 people in Proctor. Total pop-
ulation supplied, about 107, 200.

Source: Lake Superior for regular supply; Fond du Lac wells for auxiliary supply.

Treatment: Prechlorination, detention 4 hours, postchlorination, and ammonia-
tion,

Rated capacity of treatment plant: 30,000, 000 gpd.

Raw-water storage: None.

Finished-water storage: Reservoirs, tanks, and standpipes, 55, 380,000 gal.
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DULUTH-~Continued

ANALYSIS
(Analysis, in parts per million, by U. S. Geological Survey)
ake Superior ake Superior
(finished . (finished
water) water)
Silica (Si0,) .eevverinennnns 3.3 Hardness as CaCQy:
Iron (Fe) ..ccevevevnrnnnnnnn .15 Total cocevevreicinenannnnns 44
Manganese (Mn) .......... .00 Noncarbonate ............ 3
Calcium (Ca) .............. 14
Magnesium (Mg) ......... 2.9 COlOT crinrecirscsernasnnnnnns 1
Sodium (Na) ..<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>